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ON ITS SIDE 


No matter what the processes 1n your phase of manufacture, there 
undoubtedly are pumps involved . . . pumps that are the back- 
bone of your production. When you think of pumps in this light, 
dependable pumps mean continuous production. 


When you talk about dependable close-coupled pumps you’re 
talking about the INGERSOLL-RAND MOTORPUMP line. 
There are hundreds of sizes and models available to meet a 
multitude of conditions. These are compact, self-contained units 
built for heavy-duty service. 


Each MOTORPUMP is just what the name implies .. . an 
electric motor and pump combined. Special motors are equipped 
with extra-heavy shafts and bearings. The pump with balanced 
impeller is assembled directly on the motor shaft. This compact 
construction gives perfect balance, vibrationless operation and 
extreme rigidity. The MOTORPUMP involves no large installa- 
tion cost because it requires no special foundation, will operate 
efficiently in any position, horizontally, vertically, at any angle 
or on its side. Sizes %4 to 40 horsepower .. . gallons to 1800 per 
minute .. . heads to 600 feet. 

You can depend on Ingersoll-Rand MOTORPUMPS to ease 
your pumping headaches. Factory trained pump specialists from 


coast to coast are always ready to help you and can give you 
prompt shipment. 


Ing ersoll-Rand 


Cameron Pump Division 423-9 
11 Broadway, New York 4, N. Y. 


TESTS THAT DISTINGUISH TYPES 
OF LUBRICATING GREASES 


Vhen rolling-contact bearings are to be used in services where unusually 
igh or low temperatures are encountered, if is essential to know that 
he grease with which they are packed is suitable for the application. 
Ainute samples are adequate to identify various approved greases 


By H. A. McCONVILLE 


HH A We Sonviha_ 


Schenectady Works Laboratory, General Electric Company 


mB) USING the past few years the grease industry 
has made enormous strides in developing new 
ypes of greases, some to meet specific applications and 
thers to operate under conditions for which no ordi- 
lary petroleum-base grease has been found suitable. 

The new greases include those made from synthetic 
esters and the silicones. Some of them have been 
ised at bearing temperatures up to 400 F and others at 
emperatures as low as —67 F. They have been so 
uccessful that they have been made commercially 
vailable. Some have been approved under Govern- 
nent specifications, such as an AN-G-25 and 14-G-8; 
nnd their use is required in aeronautical apparatus. 

As builders of that type of apparatus and also as 
nanufacturers of electrical equipment which may be 
ubjected to extremes of temperature, on either the 
igh or the low side, we have been keenly interested in 
nethods that would distinguish between various types 
f grease. Such methods are especially needed when 
louble-shielded bearings are bought packed with low- 
emperature grease. If apparatus is to work success- 


ully at either very high or very low temperatures, its’ 


earings must have the proper grease in them; and ina 
louble-shielded bearing no trace of the grease is ordi- 
arily visible to aid in its identification. 

The first low-temperature greases used during the 
ast war were of the petroleum type, and consisted of a 
ithium soap combined witha mineral oil of low viscosity. 
“hese greases were fairly satisfactory as long as 
hey were used only in low-temperature service but if 
he apparatus was ever required to run at temperatures 
f 160 F or over, the light ends of the oil were volatil- 
zed off and the grease lost its good low-temperature 
roperties. 


Many users of bearings had in stock a quantity of 


he shielded types packed with these older varieties of 
rease of the AN-G-3a type and it was necessary to 
nake sure that none of these bearings became mixed 
rith those containing the newer, synthetic diester or 
ilicone types of grease. A method of determining 
rhich of these greases a bearing contained was there- 


sre needed. Furthermore, it was desirable that the 


1ethod would not require the removal of the shields 
-om the sides of the bearings, in order that the bearings 
light be used later in apparatus production. 
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These requirements would seem to pose a problem 
impossible to solve. However, the methods described 
in this article were finally developed by works labora- 
tories of our company. The method devised at Sche- 
nectady is in continual use and 10 percent of all the 
ball or needle bearings received and said to be packed 
with low-temperature grease are tested by that works 
laboratory before being released for production. By 
this testing we have detected bearings packed with a 
wrong grease before the apparatus was assembled, thus 
avoiding costly disassembling later to determine why 
the equipment would not operate successfully at low 
temperatures. 

One method of identifying some of the low-tempera- 
ture types of grease was devised by A. E. Baker of the 
Thomson Laboratory of the Lynn River Works. That 
method will distinguish a grease made with a synthetic 
diester, one with a synthetic diester and petroleum oil, 
and a straight petroleum oil grease. As probably no 
two grease companies making mixtures of diesters and 
petroleum oils use the same proportions, it should be 
possible with further work to utilize this method to 
identify any one of the five greases approved under 
specification AN-G-25. 


THOMSON LABORATORY METHOD 

Weigh out 0.2+0.001 gram of grease on the tip of a 
small glass rod. (Any suitable fixture may be used to 
hold the rod while weighing.) The weighing may be 
done on a good analytical balance. Transfer the rod 
and grease to a small test tube, taking care to prevent 
smearing the grease on the sides of the tube. Add 10 cc 
of 95 percent ethyl alcohol and heat slowly to boiling, 
but do not boil. Allow the solution to stand for about 
three hours, and then titrate with distilled water until 
the alcoholic solution becomes slightly turbid or cloudy. 


-A microbwrette with 0.05-cc graduations is reeommend- 


ed for this application. 

Depending on the type of grease being tested, its 
alcoholic solution will tolerate the addition of different 
amounts of distilled water before becoming cloudy. The 
sebacate diester greases will permit the largest addition 
of water, and the petroleum oil—diester mixtures and 
the straight petroleum oil greases permit successively 
smaller amounts. 


9g 


Based on the results of that test, various types of 
greases can be identified as follows: 


Water Toleration 


Type of Grease in 10 cc of Solution 


Diesters<..; Aee hd ee eee 2A 2 25rec 
Diester-——Petroletim nae 0.8-—1.0 cc 
PEtroleusi eee ace tian ee 0.50 —0.52 ce 


Where it is possible to obtain a grease sample as 
large as 0.2 gram, this method gives very reliable 
results. 

When the bearings to be examined are so very small 
that it is possible to obtain only a smear of grease 
without removing the shields, the following procedure 
is used by the Schenectady Works Laboratory. 


SCHENECTADY WORKS LABORATORY METHOD 

Initial consideration is given to the readily distin- 
guishable characteristics of various low-temperature 
greases. For instance, while the color will vary between 
different manufacturers’ greases all the way from almost 
white to a yellow tan or medium tan, an analyst who 
is familiar with various manufacturers’ greases can 
fairly well identify a type of grease by color. 

Also, when the first low-temperature greases were 
approved under specification AN-G-3a, all contained 
lithium soaps; and to establish that a grease was of 
that type, it was then sufficient to prove the presence 
of lithium, along with showing that the grease was of 
light consistency and would thin down readily when 
rubbed in the palm of the hand. 

With the advent of the synthetic diester greases and 
silicones, all using lithium soaps, the identification of 
lithium is only one part of the necessary procedure. 

For identifying synthetic diester greases of the 
sebacate type in the Schenectady Works Laboratory, 
use is made of a procedure developed by R. B. McBride 
of the Lubricants Section. It is based on the difference 
in odor given off by petroleum oil and by synthetic 
_ diesters when heated in the presence of sodium hy- 
droxide. 

The method is suitable for use with either open or 
certain types of double-shielded bearings, and has been 
successfully applied with bearings as small as R2. 
Bearings of the sealed-for-life type, however, have such 
close-fitting shields that, unless rotating the bearing 
causes enough grease to escape to provide a sufficient 
sample for test, the only recourse is to remove one of 
the shields to procure the necessary sample. 

To apply the flame-test and the odor-test methods, 
first carefully unwrap the bearings and lay them on a 
clean white surface. Avoid exposing them to possible 
contamination any longer than necessary. Cut a sheet 
of ordinary sulphite writing paper into narrow strips. 
the width depending on the size of the bearings to 
be tested. For R2 or R3 bearings, the paper width should 
be about 1/16 in.; for larger bearings it can be wider. 

If the bearing is of the open type, the end of a plati- 
num wire can be dipped directly into the grease to 
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procure test samples. If the bearing is double shieldec 
slip a narrow strip of paper at an angle between tha 
inner race and the side shield and work it around insidd 
until grease adheres to the paper, then remove it, ana 
smear some on the platinum wire. 

The flame test is then made by holding the platinu 
wire in the oxidizing flame of a Bunsen burner and not 
ing the flame color. The detection of lithium as the 
principal metal is one of the signs that the grease is 
of the low-temperature type. 

Lithium imparts to the flame a bright carmine red 
which appears quickly and is unmistakable in color 
(It is not necessary to first form a chloride, by dipping 
in hydrochloric acid, as would be done in testing fo 
calcium.) Sometimes sodium is present, and if so iti 
imparts so strong a yellow color that the lithium colo 
may be masked. For such a condition, a special filte 
glass is used to exclude the sodium rays. The glas 
recommended is No. 5120 Didymium filter glass madd 
by the Corning Glass Works. If only lithium (or lithium 
and sodium) is present, the flame will appear brilliant 
red when viewed through this filter and that color wil 
persist for a long time. If the sample being tested also 
contains a calcium soap, the flame color will be purple 

The next step is to determine whether the greas 
contains a petroleum oil or a synthetic diester. The 
procedure makes use of odors, a criterion that under 
ordinary circumstances might not be considered very 
scientific. In this application, however, the differences 
are readily apparent. 

Using metal tongs, a pellet of sodium hydroxide is 
dropped on a hot-plate that has been heated to the 
temperature at which that hydroxide melts. When the 
pellet has melted, a strip of paper with the smear of 
grease on the end is touched to the liquid sodium hy 
droxide. If the grease was made from ordinary pe 
troleum oil, the odor given off is that of ordinary burnt 
oil. If the grease contains a synthetic diester, however. 
the sodium hydroxide liberates the sodium salt of the 
dibasic acid and an alcohol, and gives off an odor thati 
is unmistakable and characteristic of this grease. One 
of the greases approved under AN-G-25 has a com 
position that is slightly different from the others an 
when this grease comes in contact with the sodiu 
hydroxide a sweet odor of burnt glycerine is detected! 
The silicone greases when touched’ to the meltec 
sodium hydroxide set up as a solid white mass, which 
action definitely identifies them. : 


CONCLUSION 


By the methods described in this article, it is readily 
possible to determine with certainty whether a grease: 
under consideration is a mixture of petroleum oil and’ 
soap, of a synthetic diester and soap, or of a silicone oil! 
and soap. The methods do not distinguish between the: 
various diester greases, but one such grease that is 
slightly different in composition from the others can be: 
identified. These simple and inexpensive procedures: 
have been found very useful in checking bearings for 
factory production. : 
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The new 36-page “‘Fiberglas Glass-base Elec- _.-” 
trical Insulating Materials’? manual is just off 

the press. Contains performance charts, graphs, 
photographs and descriptive material on the 
complete line, including: Tape, Varnished 
Cloth, Saturated Sleeving and Varnished 
Tubing, Yarn, Cord, Braided Sleeving, Cloth, 
Laminates, Mica Combinations and Wire and 
Cable Insulations. 

Features selection factors—suggested uses— 
and other pertinent information that will help 
you determine the best Fiberglas-base material 
for a specific job. Lists the manufacturers of 


these insulating materials and tells you where FFKEE 
you can buy them in your locality. On eee 


If you manufacture, design, use, repair or Address: Owens-Corning Fiberglas Corporation, Textile 
sell electrical equipment you need this new __ Products Division, Dept. 919, 16 E. 56th St., New York 
22, New York, or call one of the Owens-Corning Fiber- 


manual. ; 
glas Corporation Sales Offices, located in 27 leading cities, 


OWENS-CORNING 
FIBERGI RWsie ELECTRICAL 


Corning Fiberglas Corporation for l N S U LAT l N Gi 
i f d de of 
ear recess ete“ : MATERIALS 


*FIBERGLAS is the trade-mark 
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CONTROL OF DYNAMIC BRAKING 
ON MILL-TYPE SERIES MOTORS 


Midrange values of K factors furnish a reliable, 
practical basis for the calculation of performance 
of mill-type series motors in hoisting operations 


By G. W. HEUMANN 


Control Engineering Divisions, Apparatus Department 


General Electric Company 


-C SERIES motors have found wide use with 
cranes and similar hoisting equipment the opera- 
tion of which includes the restraining of overhauling 
loads during the process of lowering by means of dynamic 
braking. Reliability of controller performance for a 
line of motors produced for this purpose can be deter- 
mined with a practical degree of accuracy by the use 
of midrange K factors derived from the characteristic 
curves. i 
The power circuit used for this operation is illus- 
trated in a generalized manner in Fic. 1. The series 
field and the armature of the motor are there connected 
in parallel. A block of resistance Rr, which includes the 
internal resistance of the field, is connected in series 
with the field. A block of resistance R4, which includes 
the internal resistance of armature, commutating field, 
and the equivalent brush-drop resistance, is shown in 
series with the armature. A third block of resistance Rs, 
which includes the resistance of the power leads be- 
tween the point of constant line voltage and the motor, 
is connected in series with both the armature and the 
series field. Resistances are in per unit. 


CALCULATION OF PERFORMANCE CURVES 


Speed-torque curves, describing the performance 
obtained with this circuit for various amounts of 
resistance, can be calculated by a method presented 
by A. A. Merrill.© Expressing motor performance 
quantities in per unit, speed and torque can be cal- 
culated by the following formulas: 


S=E/K rh) 
T=Kl, (2) 
where 


S =Speed in per unit of rated motor speed 
T = Torque in per unit of rated motor torque 


E=Emf in per unit of normal generated motor emf 
at rated torque and rated speed 


I,=Armature current in per unit of rated motor 
full-load current 


K=A factor, expressed in per unit, which is a func- 
tion of motor field and armature currents. 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—Epiror 


Factor K is the equivalent of the commonly used 
terms “torque per ampere’”’ and “‘volts per rpm.” Its 
numerical values are determined from motor test data. 
Factor K is affected by the air-gap flux. Since armature¢ 
reaction affects the magnitude of the flux, K must bed 
expressed as a function of field current and armature 
current. For an analysis of motor performance, cur- 
rents and voltages are calculated in the various branchess 


LINE VOLTAGE V 


SERIES LD 
FIELD Re 


Fig. 1. Generalized dynamic-braking power-circuit 
connections 


of the motor circuit.) When motor emf, field current, 
and armature current are known for each assumed} 
operating point, speed and torque can be calculated by; 
Formulas (1) and (2). 

Formula (2) for the calculation of torque is rigorously : 
correct only when 7 is the internal developed torque 
of the motor and K is determined on the same basis. | 
The torque delivered at the shaft differs from the> 
developed torque by the amount of the losses. Since 
it is not possible to measure developed torque directly, , 
and since the output torque at the motor shaft is of 
interest to control design and application engineers, , 
the question arises as to whether the use of Formulas 3 
(1) and (2), employing K factors determined by measur- - 
ing motor-shaft output, will yield sufficiently accurate ° 
results. A study“ has shown that the method here : 
described of calculating speed-torque curves with K ’ 
factors of a specific motor obtains a deviation of actual | 
speed of +0.03 per unit from calculated speed. 

Numerical values of K are not apparent from the: 
design data as customarily published in motor hand-- 
books. K factors include secondary effects in the mag- - 
netic circuit such as saturation and armature reaction, , 
and considerable variations in K factors exist between _ 


(1) Numbered references are listed at the end of the article, 
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motors of various types and sizes. In the past, insuffi- 
cient data have been available to generalize K factors 
for a whole line of motors, and speed-torque curve 
calculations had to be based on data available for 
individual motors, with no assurance as to the general 
validity of the calculated curves. 

Most frequently used for crane-hoist work are the so- 
called “‘mill-type”’ series motors, as exemplified by the 
General Electric line of MD-600 frame motors. Experi- 
mental K-factor curves of all the motors of this line 
have been taken. Accurate speed-torque curves for a 
specific job, using a specific motor, can be calculated 
with the help of such curves, which are available upon 
Tequest to designers of controllers for such motors. 

Since calculating speed-torque curves for each motor 
of the line would be a laborious process, the question 
arises whether it would not be possible to develop a 
generalized set of K-factor curves allowing the control 
designer to calculate speed-torque curves for various 
motor circuits which would be reasonably accurate for 
the whole line. 


CHARACTERISTICS OF THE MOTORS 


The motors are generally so selected for application 
to crane hoists that the horsepower required for hoisting 
full load at rated speed does not exceed the 30-minute 
rating of the motor. This, however, may be modified, 
because of duty-cycle requirements, where motors of 
different time rating than 30 minutes are needed to 
prevent overheating of the motor. In such compara- 
tively rare cases it is possible to calculate speed- 
torque curves for the 30-minute rating of the motor 
-and then convert the results in terms of the motor 
tating actually used for the application. Since most 
‘calculations are made for 30-minute-rated motors, the 
‘data given in this article are based on the 30-minute 
‘ratings. Base values for per-unit calculations of motor 
performance are listed in Table I. 
The data are based on standard motor ratings at 230 
‘volts. Horsepower ratings and base speeds are taken 


TABLE I 


BASE VALUES FOR PER-UNIT CALCULATIONS 
OF MOTOR PERFORMANCE 


a= = = = = 


30-minute Base Base Base Base 

*Sn° “Gi’ em ey Wiolts) (Ohms) 
602 10 690 70.7 eed Woe 3.90 
604 19 600 1740= 1910 2.51 
606 33 510 356 196.0 1.52 
608 45 470 526 199.2 1.16 
610 65 450 795 201.6 0.82 
612 100 433 1270 204.7 0.55 
614 135 400 1855 204.8 0.41 
616 200 405 2715 208.6 0.286 
: 618 265 382 3820 210.4 0.22 
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from the motor handbook. Base torque is calculated 
from rated horsepower and speed. Base voltage is 
normal emf, or 230 volts minus the IR drop of the 
motor at rated load. Base resistance is base voltage 
divided by rated full-load current. 


RESISTANCE 


P.U. INTERNAL 


40 80 120 160 200 240 280 
HORSE POWER- 30 MINUTES 


Fig. 2. Internal resistance of the series motors 


Since resistances Rp and Ry in Fic. 1 include the 
internal motor resistance, it is necessary to know the 
motor resistance in order to determine the external 
resistance required to realize a calculated speed-torque 
curve. In Fic. 2 internal resistance in per unit is plotted 
versus the 30-minute motor horsepower rating. As a 
reasonable generalization, two thirds of the total 


P.U. TORQUE AND SPEED 


P.U, CURRENT 


Fig. 3. The average speed and torque versus current characteristics 
resistance is in the armature and commutating field, 
and one third in the series field. 

External characteristics in terms of torque and speed 
versus current are plotted in Fic. 3. The solid curves 
are average curves, and the broken curves designate 
the range within which individual motors may fall. 
In general it can be said that, because of variances in 
internal resistance, the droop in speed at higher cur- 
rents is greater than average with small motors, and 
smaller than average with large motors. 
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GENERALIZED K CURVES 

Per-unit values of K were obtained from test data 
for all motors of this line. They are plotted in Fic. 4 
as a function of field current and armature current, 
for both motoring and generating operation. In terms 
of crane-hoist performance, motoring operation takes 
place when the motor drives down an empty hook 
or a light load, whereas generating operation takes 
place when the motor is overhauled by a heavy load. 

The curves are actually bands, as indicated by the 
shaded areas, the K factors of all motors of the line 
falling within the bands. Thus, the solid lines forming 
the envelopes designate the maximum and minimum 
values which may be encountered. The envelopes are 


5 Ss 


Fig. 4. Composite K curves for the 
motors 
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GENERATING 


not associated with any particular motor, and the K 
factors of a specific motor may vary at random between 
the upper and lower limits of a band. There is no rule 
which would tie location of K factors within a band to 
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: , 
the motor size; the K factors of a specific motor frame: 
may fall anywhere within a band. 

For calculating speed-torque curves, the midratia 
value of K has been chosen rather than the average or! 
mean value. Choosing the midrange value for cal-. 
culations means that the deviation of the actual speed-. 
torque curve of any motor of the line from the calcu-. 
lated speed-torque curve will be minimum, and the: 
possible deviations will be divided evenly between: 
above and below the calculated curves. 

Midrange K curves for the motors of the line are: 
plotted in Fic. 5. In order to obtain a measure Of! 
the deviations of actual values of K from the midrange: 
values, the actual K factors of all motors of the line: 
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ARMATURE CURRENT MOTORING 
were read and compared with the midrange values for 
certain assumed field and armature currents. The re- 
sults of this comparison are plotted in Fic. 6. The 
base line is marked off in deviations from the midrange 


Fig. 5. Midrange values of K curves 
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Fig. 6. Deviations of K factors from midrange curves, according to Fig. 5 


curves, at intervals of 0.005 per unit. The vertical bars 
represent the relative occurrence of the deviations, 
rounded off to the nearest 0.005. The bars form a 
normal distribution pattern. 

By far the greatest number of deviations fall in a 
+=().03 band. Since the method of calculation yields an 


MOTORING 


Fig. 7. Speed-torque curves, lower- 
ing, for no series-resistance condition 


inherent tolerance of +0.03, the rms tolerance is 

0.042*. This means that when the midrange K curves 
‘are used for calculating speed-torque curves, all except 
a small fraction of a percent of actual speed points of 
all motors of the line will fall inside a band of +0.042 
of the calculated speeds. 

According to Fic. 6, a comparably small number of 
deviations fall outside this tolerance, the maximum 
deviations being +0.07. These larger deviations are 
‘associated with armature currents in the range of 1% 
‘to 2 times normal, which are somewhat beyond the 


tem con- 
* tical method of analyzing tolerances indicates that, if a sys 
ipa tolerances, the combined tolerance of the system can be taken as 


normal operating range of the motor. The rms tolerance 
under this condition is +0.075. 

Allowing for stray errors in the calculations and 
slight differences in motors of the same type, the 
following statement appears to be in order: When 
midrange K curves are used for calculating speed- 
torque curves for this particular line of series motors, 
deviation of actual motor speed from the calculated 
speed-torque curves will not exceed £0.05 within the 
normal operating range and +0.10 under overload 
conditions. 


APPLICATION TO CRANE-CONTROLLER ANALYSIS 


To substantiate such a statement, speed-torque 
curves have been calculated for several dynamic- 
braking circuits which are typical of those used on the 
high-speed lowering points of actual crane-hoist con- 
trollers. High-speed connections have been chosen 
because they involve low field currents and high arma- 
ture currents, resulting in greatest variation in K 
factors. For these calculations, the results of which are 
presented in Fics. 7, 8, and 9, it has been assumed that 
the motor has an internal resistance of 0.15, which 
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corresponds to a popular motor rating for general- 
purpose cranes. Assuming a distribution voltage of 230 
volts, the per-unit line voltage is 1.15. 

Selection of resistance values for the motor-circuit 
branches has been based on the following considera- 
tions: Varying field resistance Re has a pronounced 
effect on motor speed, and all practical crane control- 
lers are based on the principle of obtaining lowering- 
speed changes by field weakening. Armature resistance 
R, has no effect on the no-load speed, but increasing 
R, increases the slope of the speed-torque curves—that 
is, the variation in speed between no load and full 
load. Armature resistance Ry is generally kept as low 


the square root of the sum of the squares of the individual tolerances. 
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as practicable, and for the present calculations only 
internal resistance is included, with no external re- 
sistance in the armature circuit. 

Series resistance Rs has a minor effect on no-load 
speed, but it greatly affects the slope of the speed- 
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torque curves and the stability limit. Increasing the 
hook load, which corresponds to increasing overhauling 
torque on the motor shaft, increases armature current; 
this in turn increases armature reaction. Because of the 
consequent reduction in air-gap flux, each circuit setup 
is associated with a torque maximum beyond which the 
motor is not capable of restraining an overhauling 
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' 
torque. Examination of Fic. 5 shows that, for any giver 
amount of field current, factor K decreases with in 
creasing armature current. Thus, in the region of highe: 
currents, a point is reached beyond which K decrease: 
faster than the armature current increases, so that 


GENERATING 
1.6 2.0 


Fig. 8. Speed-torque curves, lower: 
ing, for series resistance of 0.25 per uni’ 


Fig. 9. Speed-torque curves, lower- 
ing, for series resistance of 0.50 per unit 


increased armature current results in decreased torque. 
The maximum torque thus obtained is the stability 
limit; if the hook load is increased beyond that point, 
control of the load is lost and overspeeding results. 
Stability limit is a function of field current. The more 
the field current is reduced, the lower the stability 
limit becomes. Series resistance Rs affects the distri- 
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bution of current between the armature and the field- 
circuit branches. It causes an increase in field current 
with increasing load, thereby increasing the stability 
limit. 

In Fic. 7 speed-torque curves are plotted for a circuit 
containing variable amounts of field resistance Rr— 
corresponding to field currents of 1.5, 1.0, 0.67, 0.5, 
and 0.4 respectively—and no series resistance. Each 
curve is actually a band, enveloped by two curves cal- 
culated with the maximum and minimum K factors 
from Fic. 4 for each condition of field and armature 
current. Thus, calculated speed-torque curves for any 
of the motors in the line being considered will fall within 
the cross-hatched bands. 

To evaluate the curves in terms of actual crane per- 
formance, it is necessary to correlate the motor torque 
and the hook load. The overhauling torque exerted by 
full hook load on the motor shaft equals the motor 
torque required for hoisting full load, multiplied by the 
square of the mechanical efficiency of the hoist. 

Ordinary general-purpose cranes have mechanical 
efficiencies close to 85 percent. Assuming that rated 
motor torque is required to hoist full hook load, the 
overhauling torque on the motor shaft, exerted by full 
hook load being lowered, would be 0.7. Allowing an 
aggregate safety margin of 100 percent for torque peaks 
due to acceleration and elasticity in the ropes; for low- 
voltage condition on the power lines, which would 
reduce the stability limit; and for possible carelessness 
of the operator in overloading the hook, it is desirable 
to so design the dynamic-braking circuit as to obtain 
a stability limit of not less than approximately 1.4 
motor torque, generating. 

If the K factor were a function only of field current, 
the speed-torque curves of Fic. 7 would be straight 
lines with no limit on motor torque. Actually the 
curves are far from straight lines, and the stability 
limit becomes dangerously low when the field resistance 
is increased beyond 1.72, or, in other words, if field 
current is weakened below two-thirds of normal cur- 
rent. By comparison, the curves of Fics. 8 and 9 
illustrate how the addition of series resistance sub- 
stantially increases the stability limit. With Rs= 
0.25, the field resistance may be increased to 2.30; with 
Rs=0.50, the field resistance may be increased to 2.87 
with adequate margin in stability limit. 

Examination of the speed-torque curves shows that 
the crane-hoist-control designer is not free to specify 
the no-load and full-load lowering speeds of a con- 
troller at will. Lowering speeds of a crane which is 
‘neither under- nor over-motored should not exceed 
approximately 1.5 at no load and 2.0 at full load on the 
hook, thereby insuring adequate margin with respect 
to the stability limit. Speed-torque curves must have 
slope, because of the inclusion of series resistance in the 


controller design. 


ACCURACY OF CALCULATED RESULTS 
Using midrange K factors according to Fic. 5 for the 
calculation of speed and torque obtains curves which are 
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midway between curves calculated with maximum and 
minimum K factors according to Fic. 4. An examina- 
tion of the band-widths of the curves in Fics. 7, 8, and 
9 shows that, between no load and full load, the spread 
in speed for given values of torque is less than +0.03 
for field resistances up to 2.30, and less than +0.06 
for a field resistance of 2.87. 


Since it has previously been stated that the method of 
calculation may involve an inherent deviation of 
+0.03, the total deviation of the motor speed from 
calculated midrange curves will be less than +0.05 for 
low and moderate lowering speeds, and less than £0.10 
for high lowering speed. Stability-limit torque values in 
Fics. 7, 8, and 9 deviate not more than +0.10 from the 
midrange values. The prediction made in connection 
with the range in K factors for this line of motors has 
thus been substantiated. 


In conclusion it may be stated that, if controller 
performance is calculated by using the midrange K 
factors, all motors of the line will follow the calculated 
performance with an accuracy which is reasonably 
close for practical purposes. 
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AUTOMATIC EQUIPMENT AND 
TECHNIQUES FOR FIELD MAPPING 


The application of new automatic equipment for the purpose 
of speeding up the solution of the many engineering problems 
which require the accurate plotting of steady-state fields 


By J. K. MICKELSEN 


General Engineering and Consulting Laboratory 


General Electric Company 


Ss yo URATE flux plotting of steady-state fields in 
one-tenth the time necessary by hand is made 
possible by the automatic field-mapping machine 
(Fic. 1). Tracing of equipotential or flux lines is fully 
automatic. Plots are obtained by simulating the desired 
field with an electric field in an electrolytic tank and 
utilizing an electronic control (servo-mechanism) 
which automatically locates and traces the equipoten- 

_ tial lines. Shallow tanks with flat bottoms are used to 
simulate two-dimensional fields. Three-dimensional 
fields having one axis of symmetry may be plotted by 


es Of Brecteiece~__ 


been solved by use of the automatic field mapping 
machine include: 


(1). The magnetic field distribution of a cyclotron 
magnet 

(2). Temperature distribution between tubes of a 
heat exchanger with heat transfer by conduc- 
tion 

(3). The electric field in the cross section of a wave 
guide 

(4). The electric field of a cable test terminal. 


Fig. 1. As the automatic field-mapping machine traverses the field simulated in the electrolytic tank which is 
at the left, a plot is made by the stylus shown at the right 


using a tank with a sloping bottom. In both types it is 
possible to simulate appropriate physical constants 
“such as permeability, thermal resistivity, dielectric 
constant, etc. 

Fields such as electrostatic, magnetostatic, thermal 
“conduction, and potential flow of fluids, satisfying 
-Laplace’s equation* can be flux-plotted. Fields such 
as the torsional stress in shafts of constant cross 
section, or the velocity distribution of viscous fluids 
flowing in pipes, which obey Poisson’s equation{ can 
also be plotted. 

- The'number of fields defined by the equations of 
Laplace and Poisson is endless. Problems which have 


Information can be obtained on such factors as the 
inductance, capacitance, and mutual coupling for 
various conductor configurations or the characteristic 
impedance of transmission lines. Fringing effects and 
leakage flux, or the variation in magnetic field strength 
for a changing air gap can be investigated. Other prob- 
lems for which the machine is useful are the trajectory 
of electrons in an electron gun or the stress concentra- 
tion of a shaft in torsion. 

Laplacian fields may be simulated in the tank by 
simple boundaries—usually copper strips when equipo- 
tential surfaces are represented. Fields defined by the 
more general Poisson’s equation require a special 


“4 This article is so paged that, without mutilating other articles, it can be 
_ readily removed for filing as a group of full-size consecutive pages.— EDITOR 


a 
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* See Equation (4). 
+ See Equation (6). 
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technique but may be simulated by close, evenly spaced 
wires acting as current sources. 

The value of these maps lies in the information 
which can be derived. Data can be obtained from the 
spacing, curvature, or shape of the lines. 

Once set up, the machine can be operated without 
highly skilled personnel. Selection of appropriate 
techniques and interpretation of results, however, 
require a higher degree of technical training. 


PRINCIPLES OF OPERATION 

The field to be mapped is simulated in the tank by 
an electric field acting in an electrolytic solution. Volt- 
age is applied to the conducting boundaries; then, by 
tracing the equipotential lines, the flux plot is obtained. 


Field Equations of the Electrolytic Tank 

The field equations of the electrolytic tank for 
steady-state conditions can be derived as follows: 
First, consider a volume element of the electrolyte 
(Fic. 2). If there is no current source present, the sum 
of the currents passing through the sides of the volume 
element must be zero. Therefore 


(di,/dx) + (di,/dy) + (di,/dz) =0=V«i (1) 


where i is the current-density vector and x, y, and z 
are the rectangular Cartesian co-ordinates. 

The electric-field strength vector E has the same 
direction as the current-density vector, with its mag- 
nitude proportional to the magnitude of the current 
density. Thus mathematically we have E - pi (2) 
where p is the resistivity of the electrolyte. 

The electric potential ¢ is defined by VY=—E (3) 
Combining Equations (1), (2), and (3), operating by 
V (in a dot product), for constant p, we get 


Vp = 0 = (d°@/dx*) + (d7@/dy?) + (0h/dz") (4) 


If, in certain portions of the electrolytic solutions, 
there is a distributed current source, Equation (1) 
becomes 


V-i=d/J/dxdydz=I (5) 
where dj is the current added in the differential 
volume dx dy dz. 


Combining Equations (2), (3), and (5), operating by 
V, for constant p and J, gives 


Vid = — pL (6) 


Equation (6) is the Poisson equation; the Laplace 
equation, Equation (4), is the special case where 
T=() 

In the two-dimensional situation, with the field 
having no variations in the z direction, Equations (6) 
and (4) become 


(0° /dx*) + (0° /dy”) = — pl (7) 
and 
(0? /dx*) + (0?p/dy*) =0 (8) 
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Equation (7) postulates a uniformly distributed current 
source. This distributed source can be approximated; 
as has been mentioned, by wires inserted in the elec: 
trolyte; the wires carry equal currents and are closely, 


evenly spaced. oa 
Equation (6), when expressed in cylindrical co- 


ordinates, becomes 
(1 /r)(d/dr) (rd /dr) + (1/7?) (0? /d6") + (079 /dz?)= — pI(9) 
For the case of circular symmetry, it is seen that 


there is no variation with 6. Thus the Poisson and 
Laplace equations can be expressed as 


(1/r)(d/dr) (rd /dr) + (0° /d2*) = — pI (10) 
and 
(1/r)(d/dr) (rd /dr) + (0? /dz") =0 (11) 


The use of a tank with a sloping bottom for simulat- 
ing a three-dimensional field having one axis of circular 
symmetry can be explained as follows: From geometri- 


dj 
F z 
n+ dz 


; Fig. 2. Volume element of the electrolyte 
cal symmetry, the field map formed by the intersection 
of equipotential and flux surfaces with the r-z plane, 
¢=K, is seen to be the same for all planes passing 
through the z axis. Therefore, all r-z planes are flux or 
equipotential surfaces. In most cases they are flux 
surfaces and can be simulated by insulating boundaries 
in an electrolytic tank. In this equipment the sloping 
bottom of the tank forms one such boundary and the 
air above the water is the other nonconducting medium. 
The ‘“‘shore line’ formed by the upper water surface 
against the tank bottom corresponds to the g axis of 
the simulated field. : 
For this three-dimensional problem, a technique 
similar to the one described for the two-dimensional 
problem can be used for simulating fields that obey the 
Poisson equation. 


Techniques for Simulating Fields 


_ In the ideal case, the equipotential surfaces should be 
simulated by the surfaces of perfectly conducting 
materials. The flux surfaces should be simulated by 
the surfaces of perfectly insulating materials. Experi- 
ence in using tap water as an electrolyte has shown 
that copper satisfactorily simulates an equipotential 
surface and that varnished wood and Cerese wax are 
suitable insulating media. 
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The question may be raised, ‘Does the automatic 
field-mapping machine plot only the equipotential lines 
of the simulated field? Can’t it be used to plot the flux 
lines also?”’ 

Fortunately, it can simulate both, although the 
machine draws only the equipotential lines in the 
tank. By proper choice of boundaries, these equipoten- 
tials in the electrolyte will correspond to either the 
flux or the equipotential lines of the simulated field. 
For example, the electric-field distribution in the cross- 


_ section plane of a radio-frequency transmission line is 


shown in Fic. 3. This indicates the two arrangements 
of insulating and conducting boundaries that simulate 


the equipotential and flux lines of the electric field of 


the transmission line, here a line having a cylindrical 
conductor inside a square tubular conductor. 


Although the over-all field distribution of a trans- 
mission line or a wave guide is not given by Laplace’s 
or Poisson’s equation but by Maxwell’s equations, in 
some: cases the field distribution in a cross-section 
plane at any instant is given by the Laplace equation. 

Variations in the appropriate physical constants of 
the media of the simulated field can be accounted for 
in the electrolytic tank. One such case was the problem 
of finding the electric field in a rectangular wave guide, 
including the effect of the dielectric supporting the 


internal conductor, as shown in the upper section of 


‘Fic. 4. The upper left-hand quarter of the field is 
‘simulated in the lower section of Fic. 4. The greater 
dielectric constant of the internal conductor support 


is simulated by an increased depth of water, the ratio 


oe Fig.'3. 
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Simulations of the electric equipotential (left) and flux (right) lines 


_ of a radio-frequency transmission line 
“s 


a 
& 


v 


c 


a 
a 


‘November, 1949 


4 of the depths being equal to the ratio of the respective 
’ me clectric constants of the simulated media. The copper 


"pins, short pieces of 40-mil diameter, are added to aid 
in simulating the abrupt change of dielectric constant. 


The usefulness of the automatic field-mapping 
~ machine i is greatly increased by its ability to make flux 
plots of fields obeying the Poisson equation. Fic. 5 
_ sketches a typical problem, a splined shaft under 
torsion. (Note that because of symmetry only a small 
portion of the field needs to be mapped.) The surface 
of the shaft is simulated by a copper electrode formed 
to the same shape. The copper pins, which are evenly 
spaced, have their voltages adjusted until they carry 
equal currents. The stresses in the shaft can be cal- 
‘culated from the spacing of the equipotential lines. 
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COPPER ELECTRODES 


WATER SURFACE 


cs PINS 


Fig. 4. Wave guide (top) with dielectric material supporting the center 
conductor, and (bottom) a simulation of that wave guide 


SECTION AT A-A 


INSULATION 
BOUNDRIES 


Since the velocity distribution of a viscous field flow- 
ing in a pipe is also given by Poisson’s equation, the 
equipotential lines of a field map made as indicated in 
Fic. 5 will correspond to the fluid velocity profiles. 
Fic. 5 could also be interpreted as giving the tempera- 
ture distribution in the cross-section plane of a current- 
carrying conductor (thus having heat generated within 
it by J?R losses) whose outer surface is an iso- 
thermal. 

One observation should be noted: both the Laplace 
and Poisson equations deal with scalar potentials. 
However, the magnetic potential in a current-carrying 
region is a vector potential. Very similar to Poisson’s 
equation is the equation governing the flux distribution 
within the current-carrying region 


VA = —Ani (12) 


where A is the vector magnetic potential and i is the 
current-density vector. The vector magnetic potential 


is commonly defined by 
Bav XA (13) 


where B is the flux-density vector. At present there 
appears to be no technique by which Equation (12) 
can be simulated in an electrolytic tank. 


COPPER PINS 


COPPER ELECTRODE 


INSULATING BOUNDARY 
We) 


Fig. 5. Technique of simulating the stress distribution of a 
splined shaft under torsion 
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THE SERVOMECHANISM 

The three probes shown in Fic. 6 pick up the tank 
potentials where they are located and transmit them 
to the electronic circuits controlling the motions of the 
probes. Fics. 1 and 6 show that the probe head can be 
rotated about its axis and translated in a plane parallel 
to the upper surface of the electrolyte. 

The potentials transmitted to the electronic circuits 
by the two outer probes control the angular position 
of the probe head (Fic. 7). The signal from the two 
outer probes, suitably amplified, drives a d-c motor. 
The motor rotates a generator selsyn; this in turn 
rotates the probe head, which is mechanically fastened 
to the receiver selsyn shaft (Fic. 6). The response of 


Fig. 6. Close-up of the probe head and the selsyn receiver operating in 
the electrolytic tank 


this servo-loop is such that the probe head is rotated 
until the signal from the two outer probes is in a null 
condition. This indicates the slope of the equipotential 
line on which the outer probes are located. 

The angular motor drives not only the generator 
selsyn but also the resolver and reference selsyn. The 
two d-c voltages obtained from the resolver vary as 
the sine and cosine of the angle of rotation. These 
voltages, suitably amplified, drive the motors that 
translate the probe head. As a result, the probe is 
driven in the direction of the slope of the equipotential 
line as determined by the angular servo-loop. 

Since the slope of the equipotential line is determined 
for a finite increment, in general it only approximates 
the tangent to the equipotential line. Thus, if the probe 
head were translated by the action of the drive circuits, 
the probes would not, in general, closely follow the 
line. To bring the center probe back in the desired 
equipotential line, an “error” or ‘“‘correction” servo- 
loop is used. 
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The correction servo-loop also makes it possible for} 
the probes to trace any desired equipotential line. This: 
is accomplished by the use of a precision potentiometer! 
connected across the electrolytic-tank power supply... 
This potentiometer is calibrated in terms of the per-- 
centage of the applied voltage. It can be set for any 
value between, and including, 0 percent and 100: 
percent, with a reproducibility and error of less than: 
one part in 1000. The potential determined by the: 
potentiometer setting is compared to the potential | 
of the center probe. The resulting signal, properly’ 
amplified, is fed into the correction amplifiers. 

The correction amplifiers also have reference voltages : 
fed to them which are derived from the reference selsyn | 
and its associated phase shifter. A 2-kc signal from the: 
oscillator excites the rotor of the reference selsyn, and | 
the output is taken from the stator. The three voltages : 
derived from the stator are in time phase, but their 
magnitudes are out of phase; that is, their magnitudes | 
vary sinusoidally with the rotation of the rotor, but. 
the interval of rotation between maximum magnitude 
of one voltage and the next is 120 deg. Mathematically | 
stated, we have 


E,=C sin @sin wt (14) | 
E,=C sin(@+120°)sin wt ds 
E;=C sin(@+240°)sin wt (16). 


From these three voltages the phase shifter derives: 
two voltages. The magnitudes of these vary respective- 
ly as the sine and cosine of the angle of rotation. 

The final output of the correction amplifiers is applied 
to the drive motors through the amplidynes, which 
also receive excitation from the drive circuits. This 
results in the correction applied to the probe head 
being in the direction normal to the equipotential line. 

The functions of the three probes may be summarized 
by stating that the two outside probes control the 
general direction of motion, while the center probe 
controls the exact positioning in the tank. The motion 
of the probe head is transferred by a rigid arm to the 
drawing board (Fic. 1), where a pen plots the map. 


CONSTRUCTION 

About 60 sq ft (6 ft by 10 ft) of floor space is required 
for the tank and drawing boards. The largest tank now 
used is approximately four feet square. The other 
tanks used fit inside this large tank. 

The lead screws which position the probe are mount- 
ed on an angle-iron structure fastened to the tank 
supports. The electronic control may readily be built 
into an ordinary relay rack mounting. Twenty amperes 
at 115 volts, 60 cycles, a-c and eight amperes at 125 
volts d-c are required. Future designs will probably 
operate from a-c or d-c alone, as required. 


CONCLUSION 


The automatic field-mapping machine is an equip- 
ment capable of rapid and accurate mapping of many 
fields. It does this by automatically locating and 
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tracing the equipotential lines of the simulated field. 
‘The resulting field maps are the graphical solutions of 
the field-distribution problems. The speed of field 
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Simplified block diagram of the automatic field-mapping machine 


mapping by this machine gives it a great advantage 
over the common methods of solving complex field 
distributions by mathematical manipulations or by 
hand techniques, both of which are lengthy and 
laborious. 

The automatic machine is versatile. It will make 
maps of fields that obey the Poisson equation as well 
as those obeying Laplace’s equation. It will make 
maps not only of two-dimensional fields but also of 
three-dimensional fields having one axis of symmetry. 
The field need not be restricted to a region of constant 
value of permeability (or other appropriate physical 
constant), but can simulate reasonable variations of 
these properties. The extremely wide variety of prob- 
lems capable of solution by the machine makes it a 
very valuable engineering tool. 
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New Class ‘‘B” Relays 


The newest and most outstanding member 
of Automatic Electric’s relay family is the 
Class ‘““B”—even better than the widely 
used, widely copied Class ‘‘A’”’ Relay. De- 
signed for ordinary relay service—open- 
ing, closing or switching circuits—and 
for extremely high-speed operation. Inde- 
pendently operating twin contacts assure 
perfect contact operation. Contact points 
are dome-shaped to maintain uniformly 
low contact resistance. May be arranged 
in one or two pileups with maximum of 
16 contacts on 13 springs in each pile. 


RELAYS 


In Automatic Electric’s 
complete line of relays, 
there are over forty 
basic types—offering 
spring and coil combi- 
nations in almost infi- 


nite number. They are Hermetic Sealing 


Available To Maintain 
Automatic Electric Quality 


All Automatic Electric Relays can be ob- 
tained in hermetically sealed housings to 
maintain the high quality for which these 
relays are famed. The ‘“‘sealed-in’” con- 
trolled atmosphere protects them from 
electrical or mechanical failure resulting 
from varying conditions of temperature, 
dust, humidity, acid, fungus or air pressure 
—and makes them completely tamper- 
proof. 


dependable and proved 
products of an organi- 
zation that has made 
electrical remote con- 
trol its business for 


more than fifty years. 


Automatic El i 
anhieae The New Type 45 Switch 
Here, for example, is a rotary switch that’s 
new and better! Faster... 70 steps a second. 
Greater capacity ...up to 10 (or more) 
25-point bank levels, with single-ended 
wipers available for 50-point operation. 
Simpler... only one field adjustment. 
Compact rotary and re-set type switches 
are also available with 10-point bank 
levels and speeds of 35 steps a second for 
automatic or remote-control operations. 
And there’s the famous ‘‘Two-Motion 
Switch”’ that selects one circuit from 
among two hundred in just 2 seconds or 
less. It’s a re-set type switch adaptable to 
either automatic or remote control. 


Stepping Switches are 
designed and built to 
assure exceptionally 
long life. A complete 
range of Automatic 
Electric Switches is 
available for all remote 


control applications. 


For help in the field of remote control, call in an RELAYS 


TRIC SALES CORPORATION, Chicago 7, Ill. In 
Canada: Automatic Electric (Canada) Ltd., Toronto, 
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SWITCHES 


Automatic Electric field engineer. Meanwhile, send VAN 
for helpful literature. Address AUTOMATIC ELEC- A U T 0 M A T I C WH E L E C T R i C 


CHICAGO 
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TRANSFORMER DISCONNECTING SWITCHES 


Wide demand for different applications has resulted in a 
varied family of switches in voltage ratings up to 132 kv. 
The interlock as a safety feature means additional varia- 
tions in the design of these necessary and useful devices 


By A. PALME 


Power Transformer Engineering Division 


General Electric Company 


HE disconnecting switch on a transformer can 
serve many more purposes than its popular name 
implies. Unlike a circuit breaker, which only connects 
or disconnects the transformer from its feeding source, 
the disconnecting switch may in addition ground the 
feeder or allow high-potential testing of the feeder, two 
features frequently required and of great value. It may 
‘also permit a phasing-out of the cable, and may be 
arranged to supply a need for grounding or testing the 
‘transformer. When more than one transformer is to be 
fed from the incoming cable, the disconnecting switch 
on the transformers readily provides the looping point 
for the incoming and the outgoing cable to the next 
“unit. 
Since disconnecting switches can be built for any 
voltage and current, and have been built for 15 kv to 


4 Bene 
_ Oil-immersed transformer disconnecting switch for 132 kv, mounted 
on a transformer 1ated 60 cycles, 22,500 /30,000 kva, 132/13.2 kv 


$- This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpDITOR 
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As"? 'Opens' closed). (hy. crtaacties Wht ts ke heen 70% 
B: Open; closed; cable ground (inside)........18% 
C: Open; closed; cable ground (outside)....... 1% 
Ds) Closed “open: Cable, test a-ye eens aerate 1% 
E: Open; closed; transformer ground......... 4% 
F: Closed; open; transformer test............ 4% 
G; Open;<closed) (loop feed). 4. Se. eens eine 9% 


pea ae 
the relative frequency of their applications during the past ten years 


Schematic diagrams of seven basic switch performances and 


more than 100 kv and up to 2000 amp, it becomes 
apparent that these many ratings and rating combina- 
tions, together with the variety of performances, will 
result in a great many individual designs of switches. A 
standardization of these switches would be relatively 
simple if only the electrical ratings were to be taken 
care of. It is, however, the variety of performance 
requirements which complicates matters very consider- 
ably. The operating routines of networks and power- 
distribution systems are so varied and are so well 
established in each case that the demand for any one of 
the possible performance features of a disconnect may 
be well founded. 

A standardization of these switches is therefore 
possible only as far as the general type and the individ- 
ual parts of the switches are concerned; and even this 
similarity disappears for circuits of more than 34.5 kv. 

The switch can be made in the minimum size when 
oil is used as the dielectric. 

When fireproof construction is required, air-insulated 


switches are preferred. Switches filled with Pyranol 


insulating liquid can be used in those applications, but 
only with certain restrictions as to number of opera- 
tions, condition of the Pyranol liquid, etc. 

Frc. 1 shows schematically seven basic switch per- 
formances and the frequency with which these switches 
have been furnished during the past ten years. It is 
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apparent that the simple two-position open-and-closed 
type of switch has been called for on seven out of every 
ten orders and therefore represents by far the most 
popular disconnect type. 

All switches with the fulcrum on the cable (A, B, C, 
D, and G) are similar in mechanical respects. Likewise 
all switches with the fulcrum on the transformer (E 
and F) are similar. 

Most transformer disconnecting switches are essen- 
tially of two basic types, determined by the operating 
voltage. For the three voltage classes of 15, 25, and 
34.5 kv, the design has so far been of the rotary type 
with all three poles mounted on and moved by a central 
rotating shaft. For higher voltages and three-phase 
switches, knife switches are used as a rule, with each 
of the three knives operated individually by an insulat- 
ing push-pull rod from three bell cranks on a jackshaft. 
Fic. 2 shows schematically these two switch types. 
The major insulation between phases and to ground on 
the rotary types is accomplished with cylindrical 
midflange porcelains with corrugated surface, babbitted 
to a common shaft. The knife-type switches have one 


individual blade per phase, with their fulcrums on post ~ 


insulators. Current conduction across the bearing is 
provided by a suitable size of flexible shunt. Each 
knife blade is moved with a proper length of Herkolite 
or porcelain tubing. 


Disconnecting switches are not designed to rupture 
load current, but all oil-filled types are capable of 
breaking the magnetizing current of the transformer 
to which they are connected. When breaking this flow 
of magnetizing current, a quick separation between 
stationary and moving contact is very helpful. Since 
the operator may not always heed this suggestion, all 
of these disconnecting switches have quick-break 
auxiliary fingers on the moving contact, so that no 
matter how slowly the switch is opened, the final break 
will be a snap action, brought about by a tension- 
spring connection between main and auxiliary blades. 


Because the magnetizing current of an average power 
transformer is only two percent or less of the full-load 
current, the ensuing break duty in oil is very small, 
resulting in only a minor arc and small gas generation. 
Disconnecting switches that are provided with about 
12 percent air space above the oil level can therefore 
be completely sealed, without risk of excessive intérnal 
pressure due to either heat expansion or gas formation. 
In fact, the small amount of gas which is caused by the 
arc is soon absorbed by the oil. Use is made of two 
methods for guarding against undue internal pressure 
brought about by any unexpected emergency. For 
small switches, holding not over 25 gallons of oil, one 
of the side walls of the switch box is artificially weak- 
ened to induce an opening at more than 50 psi. For 
all larger switches a spring-weighted blow-off valve of 
large diameter is located on top of the switch box. To 
prevent a possible spread of the rupturing arc between 
phases, or from the end phases to ground, insulating 
barriers are provided on all disconnects. 


« 


For types up to 34.5 kv, the entrance of the cable: 
into a disconnect is made with a wipe sleeve or a stuffing: 
box into a compound-filled terminal chamber. Above: 
34.5 kv, commercial potheads terminate the cable. 

The operating mechanism of disconnecting switches: 
is always located remotely from the switch itself. As ai 
rule, the mechanism will be found on the opposite side: 
of the transformer from where the switch is mounted. , 


Fig. 2. The rotary type switch (above) is used for 
15, 25, and 34.5 kv, the knife type (below) for most 
higher voltages and three-phase switches 


Thus, when moving the switch blades from one position 
to another, the operator always has the bulk of the 
transformer between the switch and himself. 

The approved method of opening or closing a dis- 
connect is a determined, positive, and quick completion 
of the required stroke of the handle. A slow or hesitating 
motion prolongs arcing, while opening and closing in 


‘rapid succession will break and make the inrush current 


of the transformer, which is many times higher than 
the sustained magnetizing current and subjects the 
contacts to severe arcing. To prevent this unnecessary 
contact wear, the operating mechanism of the dis- 
connects being described contains what might be called 
a “‘free-wheeling”’ feature. That is, once the switch has 
been closed, it cannot be opened again immediately. 
To reverse the operation, a bolt in the handle must first 
be reset; this requires sufficient time to allow the in- 
rush current of the transformer to decay to the steady- 
state magnetizing current value. The same time delay 
is encountered when the switch is being opened. 


INTERLOCKS 


As has been stated earlier, disconnecting switches. 
are not substitutes for circuit breakers, and therefore 
are not designed to break the load current of the trans- 
former to which they are attached. 

In some power systems the disconnect on a trans- 
former is padlocked and is not permitted to be operated 
except by a fully authorized person, who can be relied 


()“Cable Termination for Transformers and Transformer Disc ting 
Switches,’’ A. Palme, GENERAL ELeEctric REViEw, vol. 51, Dec, 1948, -p. 36. 
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upon to make sure that the transformer is not carrying 
load before the switch is opened. In fact, the only 
key to the padlock may be in that person’s possession. 
In most systems, however, a less restricted yet fully 
safe method has to be provided to guard against in- 
correct operation of disconnects. Interlocks. are then 
in order, of which two types are widely used: the 
mechanical key type and the electric type. 

By far the simplest, least expensive, and perfectly 
foolproof method is the use of transferable keys, among 
which the Kirk and Cory constructions are outstanding 
examples. These are plunger-type locks, so arranged 
that the key can be removed from the lock only when 

‘the bolt is either extended (locking) or retracted 
(unlocking). A simple example will explain this. 

An operator wishing to open the disconnect of a 
loaded transformer arrives at the operating mechanism 
of the switch to find its handle locked and immovable, 
the key to the lock missing. He knows that the missing 

_key can be found at the load circuit breaker, but his 
attempt to remove the key is futile. He will therefore 
trip that breaker, thus dropping the load on the trans- 
5 former, and will lock the breaker open with its key. 
Now that key will be removable, and he can take it 
out to unlock with it the lock on the disconnect, which 
can now be opened safely. No false move is possible in 
this simple routine. 
Z For disconnecting switches with a cable-ground 
position, two key locks with two different key patterns 
are provided. One key, co-ordinated with the load 
breaker, guards against opening the load by the dis- 
connect and permits the movement of the disconnect 
only between the open and closed positions, locking 
against the ground position. The other key, co-ordinated 
with the primary breaker or a horn-gap switch, makes 
it possible to unlock the switch handle towards the 
"ground position, because that key is available only 
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4 Transformer disconnecting switch rated 34.5 kv, 400 amp. The terminal 
4 chamber is below the switchbox. (See also illustration at right) 
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after the primary breaker or horn-gap switch has been 
opened and locked open. ; 

It is of interest to mention that the manufacturers 
of these locks keep an accurate and complete record 
of locks furnished for all applications, and will not 
duplicate key patterns in the same geographic loca- 
tion. Therefore, when filling an order for interlocks, 
the vendors always require information about the 
actual location of the interlocked system. 

The other type of widely used interlocks is the 
electrical—or, moreaccurately stated, electromagnetic— 
lock. The locking is accomplished by a plunger ac- 
tuated by a solenoid which may be energized by 24 
or 125 volts direct current or 115 or 230 volts alter- 
nating current of 60, 50, or 25 cycles. Depending upon 
whether the physical location of the lock solenoid is 
above or below the locking disk with its notches for 
the locking plunger, the actual locking will be accom- 
plished by either gravity or current in the solenoid; 
the unlocking will then be done by current or gravity 
respectively. Because of this very important difference, 
it is necessary to distinguish between fail-safe and fail- 
unsafe electric interlocks. 

If an electric lock has to depend on current to do 
its locking, it is conceivable that the current may fail, 
that a wire in the circuit may have broken, that some 
contacts are not “‘made,’’ or that the solenoid has 
failed. In any of these cases the lock will open, because 
the plunger drops out of the locking notch and frees 
the switch. With properly designed solenoids and re- 
liably made wiring, none of those faults is likely to 
develop, but the possibility of any one of them cannot 
be entirely dismissed; under such circumstances, there 
may bea sense of false security. Nevertheless, this type 
of electric lock is often used, and the current of the 
transformer itself is depended upon to do the locking. 


(Concluded on next page) 


The switch as mounted on a 3125-kva power transformer. Note remote- 
ness of operating position from switch enclosure 
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(Continued from preceding page) 


On the other hand, the solenoid can be located above 
the locking disk of the switch, so that gravity, which 
never fails, does the locking, and some independent 
current supply can, when required, do the unlocking. 
It is obvious that the switch will remain locked by 
gravity, regardless of other malfunctions in the system, 
until it is intentionally unlocked by an independent 
power source. The independent power supply is usu- 
ally a small station battery of 48 to 125 volts d.c. 


CONCLUSION 

The original conception of the purpose of a trans- 
former disconnecting switch—merely to connect or to 
disconnect an unloaded transformer to or from its 
feeding source—would have made such a device ideal 
for economic standardization. However, as the trade 
has become more and more familiar with these switches, 
the demand upon the actual performance of the device 
has grown until there is finally a whole family of them 
in voltage classes up to 132 kilovolts, with a great 
variety of performances. 

The interlocks, often specially designed to fit and 
to make safe a specific installation, are another item 
that has made the application of disconnects more 
involved. 

Thus grew the simple ‘‘on’’ and “‘off’’ switch to a 
fairly complex addition to modern power transformers. 


4 Ds secret of a dependable 
circuit is its termination. 
Like the proverbial chain, the wiring 
is only as strong as its weakest link— 
and a poor connection can be that link! 


That's why design engineers insist 
on AMP Solderless Terminals in their 
blue prints for appliances, electrical 
and electronic equipment, control 
panels, instruments, communication 
systems, machine tools, aircraft and 
railway wiring —in fact wherever there 
is a termination problem. 


Write for full information about 
AMP PRE-INSULATED Solderless 
Terminals, self-inspecting tools, and 
automatic machines. 


AMP Trade Mark Registered U.S. Patent Office 


A 
<<>> 


Pulp Products Department 


AIRCRAFT-MARINE PRODUCTS INC. WEST VIRGINIA PULP & PAPER COMPANY 
1312 N. FOURTH STREET, HARRISBURG, PA, 230 Park Avenue, New York, N.Y. 


Sole Canadian Representative: F. MANLEY & SONS, LTD., Toronto, Ont., Canada. 


35 E. Wacker Drive, Chicago, Ill. 
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| : C | | p re | here’s a complete new manual on 
. Armco Hot-Rolled Electrical Steels 

This brand-new Armco book, just off 
the press, tells the technical story of the 
ten hot-rolled electrical steel grades 
produced by Armco. Every designer will 
find it useful in determining the correct 
grades of electrical steels for all kinds of 
appliances and equipment. 

You’ll find typical magnetic 
characteristics at various inductions, 
given by curves showing core loss, 
exciting rms volt-amperes per lb., 
exciting rms ampere-turns per in., d-c 
magnetization and permeability and 
hysteresis loops. Also shown for some 
grades are reactive volt-amperes per 
pound, incremental permeability and 
core loss at high frequencies. 

The book also gives the gages and 
general properties of the various 
electrical steels. All grades are available 
in welded coils as well as cut lengths. 

Now is a good time to become better 


acquainted with Armco Electrical 
Steels. For nearly half a century, Armco 


Research has pioneered in the creation 
of silicon steels that can be magnetized with 
less expenditure of energy and still 
possess necessary flatness, ease of punching, 
and adequate interlamination resistance. 
Just fill out the coupon and mail for 
your copy of the helpful new Armco 
Hot-Rolled Electrical Steel book. 
We’re sure you'll make good use of it. 
Armco Steel Corporation, 4199 Curtis 
Street, Middletown, Ohio. 


Export: The Armco International Corporation 


MAIL THIS HANDY COUPON 


Armco Steel Corporation 
4199 Curtis Street, Middletown, Ohio 


Yes, I’d like a copy of Armco’s new book on Hot-Rolled Elec- 
A if I C 0 r trical Steels. 


5 T : : : | Firm Name Si 
¢ 0 RR [? 0 FR AT | 0 . Street Address 


City. Zone. State 
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PROTECTIVE ATMOSPHERES IN INDUSTRY . . Part XI 


Thorough understanding of elementary principles and basic methods for safe 
handling of atmosphere gases is of primary importance in furnace operation. 
Means of purging and suggested safe procedures. Typical safety devices 


By A. G. HOTCHKISS and H. M. WEBBER 


Industrial Heating Divisions, General Electric Company 


HE proper handling of gas is of primary 
importance for reasons of safety. It is important 
also with respect to equipment operation in accom- 
plishing the maximum results from the use of the gas as 
protective atmospheres. The handling of gas, like the 
handling of electricity, can be accomplished safely and 
easily when certain basic methods and principles are 
understood and employed. Although all specific prob- 
lems encountered in the handling of gases can not be 
covered in detail, the general principles involved in the 
safe handling of protective atmospheres will be pre- 
sented in this part. 


METHODS FOR SAFE HANDLING OF ATMOSPHERE GASES 
Even though thousands of.atmosphere-gas producers 


and protective-atmosphere furnaces are in safe and | 


reliable operation every day, some elementary prin- 
ciples in the safe handling of gases are still not thorough- 
ly understood by all operators. In operating all such 
equipments there are two potential hazards which 
should be borne in mind: first, the possible danger of 
asphyxiation of personnel, either by dilution of the 
oxygen in the air or by the presence of toxic gases, such 
as carbon monoxide; and second, the potential explo- 
sion hazard which relates to all those atmospheres 
which contain combustible gases in amounts sufficient 
to burn, with the possibility of damage to both per- 
sonnel and equipment. Both of these possible hazards 
are completely eliminated by properly installed and 
operated equipment. 

The possibility of asphyxiation can be present at all 
times in the immediate vicinity of any protective atmos- 
phere furnace or gas generator. Thus, it becomes im- 
portant that leakage of gases from the generating 
equipment and the conducting pipe line be reduced to a 
minimum. The leakage of atmosphere from furnaces is 
normally controlled by adequate room ventilation, 


*The following will facilitate the location of material published 
in earlier parts of this serial: 


Part Issue Figs. Equations Tables Footnotes 
Part I Nov. 1948, p.29 1lto 6 None. IT and II None 
Part II Dec. 1948,p.41 7tol4 (1) to (18) IllandIV_ (1) to (9) 
Part III Feb. 1949, p. 37 15 to 23 None V and VI None 
Part IV Mar. 1949, p. 25 24 to 35 None VII None 
Part V Apr. 1949, p. 25 36 to 41 None VIII to X (10) and (11) 
Part VI May 1949, p. 30 42 to 54 None XI to XII (12 
Part VII June 1949, p. 33 55 to 70 None XIII to XV (13) to (17) 
Part VIII July 1949, p. 32 71 to 89 None XVI (18) to G3 
Part IX Aug. 1949, p. 26 90 to 97 None None None 
Part X Sept. 1949, p. 38 98 to 108 None XVII to XIX (24) and (25) 
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exhaust systems, or by combustion of the escaping 
gases. It is important also to guard against a repair 
crew’s cutting into lines which contain atmosphere 
gases; and to thoroughly remove such gases from 
confined furnace chambers when it becomes necessary 
for personnel to enter them, and in addition to provide 
a continuous flow of fresh air during repair operations. 

When an atmosphere being used in a furnace con- 
tains carbon monoxide—and a majority of furnace 
atmospheres are in this category—all personnel in the 
immediate vicinity should be warned of the toxic effect 
of unburned gases containing carbon monoxide. The 
assurance of nontoxic conditions in the area can be 
proved by the use of any one of several carbon-monox- 
ide detectors which are available for measuring concen- 
trations as low as a few parts per million. 

To obtain best results with maximum safety when 
operating a protective-atmosphere furnace, the operat- 
ing personnel should be thoroughly trained and com- 
pletely competent in the handling of gases. Moreover, 
to insure a satisfactory product and maintain safe 
operating conditions, periodic testing of the generated 
gas, furnace atmosphere, and the operation of installed 
safety devices is recommended. Maintaining all equip- 
ment in best operating condition is a very important 
factor, and also reduces the possibility of unexpected 
shutdowns. 

In the handling of gases, the potential explosion 
hazard is reduced practically to zero if the operator 
understands (or is thoroughly familiar with): 


(1). 
(2), 


The difference between inert (nonflammable) 

and flammable gases 

The possible variety of effects in purging, 

resulting from the difference in density of 

various gases 

(3). That flammable gases may be introduced safely 
into any chamber whose temperature is above 
the ignition point (1400 F or higher) 

(4). That the introduction of a flammable gas into 
any chamber containing air whose temperature 
is below the ignition point (1400 F or below) 
may create a hazardous condition 

(5). The approved methods and rules for purging 

various types of chambers. 


PRINCIPLES OF PURGING 


Purging is the process of replacing one gas in a 
chamber or container with another gas. With reference 
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; to furnaces this usually means replacing the air with a 
furnace atmosphere or replacing the furnace atmos- 
phere with air. 


Flammable and Inert Mixtures 


To understand the reasons for certain methods of 
purging, it will be necessary to know the difference 
between an inert gas (a gas which will not burn) and 
a flammable gas (a gas which will burn).@” Reference 
to Table XVII shows the lowest and highest percentages 
of various gases which, when mixed with air and 
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_ Fig. 109. Analysis of gas from an atmosphere-gas converter and the 
_ explosion range (shaded) when mixed with air 


‘ignited, will burn readily. The wider the spread of these 
limits, the greater the danger range. In this respect, 
‘then, hydrogen is the most difficult to handle and 
‘propane the least. 
_ From the standpoint of purging, a flammable mix- 
ture will exist at any time the percentage of the gas or 
gases in an air mixture rises above the lower limits; for 
example, four percent or more of hydrogen in air is 
considered flammable. 
; Generally speaking, an inert gas is considered to be 
any one of the gases which do not burn, such as nitro- 
gen and carbon dioxide. From the standpoint of furnace 
atmospheres, however, it can be considered that any 
as or mixture of gases is inert if the amount of com- 
Pas gases included is below the lower limit of 
ammability. Thus, a gas-air mixture containing less 
than four percent hydrogen is considered inert. 


Atmospheres produced from combusted fuel gas with 
exothermic-type reaction, such as El and E2 in Table Le 
can generally be adjusted by means of the air-gas ratio 
to produce an inert gas. Fic. 109 presents information 
which readily permits selecting an atmosphere of this 
type that would be considered inert. 

The top part of this chart shows the average analyses 
of the products of combustion from an atmosphere gas 
converter over the normal range of adjustment. It 
will be noticed that these curves are very similar to 
those shown in Fia. 28. 

However, instead of being plotted according to an 
air-gas ratio, which is variable for different fuel gases, 
these curves are plotted according to percent aeration. 
The volume ratio of the air divided by the fuel in an 
unburned mixture where the minimum air for chemi- 
cally complete oxidation is present is defined as 100- 
percent aeration. For example, the 100-percent aera- 
tion mixture for 530 Btu manufactured gas is about 
4.6 cu ft of air divided by 1.0 cu ft of gas which gives 
a ratio of 4.6 to 1. Fifty-percent aeration then would be 
2:3 cu-tt of air to 1 eu ft of gas, or a ratio of 2:3 to 

Since percent aeration is used instead of actual air- 
gas ratios, this chart applies approximately to natural _ 
gas, propane, and butane, as well as manufactured gas. 

The lower portion of Fic. 109, the crosshatched zone, 
indicates the explosive range of mixtures of the prod- 
ucts of combustion or flue gas, with air. The dotted 
line, then, indicates the division point between a flam- 
mable and an inert gas. Any mixture which will produce 
a gas analysis falling on this line or to the right of it is 
considered inert. A setting which will produce a gas 
that falls to the left of this line is considered flammable, 
and any mixture with air that falls within the cross- 
hatched zone 1s explosive. 


Density Considerations 

When a chamber is purged by replacing one gas with 
another, the least amount of mixing generally is desir- 
able and permits the most rapid purging. 

If the density of the two gases is approximately the 
same, as, for example, air and nitrogen, it will make little 
difference as to the manner in which the two gases are 
brought together. For instance, if the air in a vertical 
container is to be displaced by nitrogen, the nitrogen 
could be introduced at the top or at the bottom, which- 
ever is more convenient, assuming an opening is at the 
opposite end or side for the escaping gas. 

If, however, it is desired to remove the nitrogen from 
a vertical container and replace it with hydrogen, the 
density of the two gases should be considered (Table 
XVID). For instance, if hydrogen (density of 0.07) is 
introduced at the bottom of the cylinder, with an open- 
ing at the top to release the nitrogen (density of 0.97), 
the very light hydrogen will have a tendency to rise 
immediately to the top of the container and will thus 
mix with the nitrogen and escape along with it. If, 
however, the flow is reversed and the hydrogen intro- 
duced at the top with an opening provided near the 
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bottom for the nitrogen to escape, the hydrogen, 
because of its low density, will tend to collect in the top 
of the cylinder, while the nitrogen, with a high density, 
will readily flow from the bottom of the cylinder. Thus, 
the nitrogen will be removed with a minimum flow of 
hydrogen and with minimum mixing of the two gases. 

It follows that if such a cylinder contains hydrogen, 
and it is desired to replace this hydrogen with nitrogen, 
the heavier nitrogen should be introduced at the bottom 
while the light hydrogen is permitted to escape from 
the top opening. 

The matter of density, then, is most important when 
handling gases containing large amounts of hydrogen 
and when the chambers to be purged extend in a verti- 
cal position rather than horizontal. 


Ignition Temperatures 


Combustion data®) shown in Table XVII indicate 
that the upper ignition temperatures* of hydrogen and 
carbon monoxide, the two flammable gases most 
generally encountered in furnace atmospheres, are 
about 1094 and 1216 F respectively. The range of 
methane, which is sometimes encountered in very small 
quantities, is 1200 to 1382 F. In general, a temperature 
of 1400 F is considered the minimum temperature that 
will immediately ignite a flammable mixture of these 
gases in air or oxygen. It can therefore be readily 
understood that any flammable gas can be introduced 
into a chamber containing air which is 1400 F or 
above with complete safety, since the flammable gas 
will immediately ignite and burn with the air as soon 
as the gas enters the chamber. This burning will con- 
tinue until the oxygen is almost entirely consumed. 
Conversely, air can be introduced into any chamber 
which contains a flammable gas and which is 1400 F or 
above with perfect safety, since ignition will immedi- 
ately take place and all flammable gas will be consumed 
if the flow of air is continued. 

From the preceding paragraph, it should now be 
readily understood how a hazardous condition can 
exist in an attempt to introduce a flammable gas into a 
chamber containing air when all points of this chamber 
are below the ignition temperature of 1400 F. Under 
such conditions, the flammable gas and the air may 
‘mix together and, as previously pointed out, form 
combustible mixtures at certain stages of the mixing 
process. Any flame or spark brought near the exhaust 
where this mixture is leaving the chamber will cause 
ignition, which not only burns the escaping mixture 
but might cause the entire volume of mixture contained 
in the chamber to burn at once, thereby causing an 
explosion. Any chamber with temperature below the 
ignition point (1400 F) should therefore be considered 
hazardous when flammable gases are being handled, 
and certain approved methods of purging such con- 
tainers must be rigidly followed. 


*Published data vary, depending on authorities and methods of testing. 
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METHODS OF PURGING ; 

One of the fundamental rules for safe handling of 
gases is to avoid mixtures of flammable gases with air. 
It follows then that for flammable gases, it is desirable 
that the air be removed by an inert gas before the 
flammable gas is introduced. Unfortunately, the design 
of atmosphere generators and the design of some fur- 
naces does not always permit this method to be econom-. 
ically used. Therefore, other so-called safe procedures 


have been established. 


Critical Periods 

In the operation of purging a protective atmosphere 
there are three possible critical periods in the handling 
of flammable gases: 


(1). When introducing the atmosphere gas into the 

furnace chamber to remove the air 

(2). When removing the atmosphere gas and allow- 
ing air to re-enter the furnace 

(3). When the flow of atmosphere gas is acciden- 


tally interrupted during normal operation. 


To determine the status of an atmosphere in a furnace 
chamber during the purging process, the operator 
usually depends on gas-volume measurements and time 
of flow. It has been determined experimentally that to. 
completely purge the air from a chamber and reduce the 
oxygen content to about zero, will on the average 
require a volume of atmosphere gas equal to five volume 
changes of the chamber being purged. This is a con- 
servative figure to use since four volume changes will 
ordinarily reduce the oxygen content to three percent 
or less, which is considered a safe condition. 

Sometimes it is necessary or desirable, however, to 
analyze the gas composition in the furnace chamber to 
make certain of the conditions. When purging out air, 
oxygen can be measured by an Orsat analyzer or an 
automatic oxygen analyzer as explained in Part VIII. 
Also described in Part VIII is the Ranarex specific- 
gravity indicator which is used in many instances to 
measure the degree of purging, since most flam- 
mable atmospheres have a specific gravity considerably 
below that of air. 

Where the purging involves the removal of a flam- 
mable gas by an inert gas, a combustibles analyzer or 
hydrogen analyzer (Part VIII) can be used to indicate 
when purging is sufficiently complete to be safe. 

As a substitute for purging with inert gases, the 
burn-out method of introducing or removing a flam- 
mable gas from a furnace chamber is used. In the start- 
ing up of a furnace, the definitely flammable gas is 
ignited at the point where it enters the furnace cham- 
ber, and (as the name indicates) by combustion 
reduces the oxygen content. When shutting down, 
igniting the flammable gas at a door, and then opening 
the door wide, will permit sufficient air for the burning 
out of all the flammable gas within the chamber. In 
either instance, during the interval of burnout, con- 
tinued ignition of the mixture as it is formed prevents 
a dangerous accumulation. 

: 
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The accidental interruption of the flow of atmosphere 

gas during normal operation can generally be caused by 
either electric power failure or loss of the fuel gas. 
Whichever the cause, the operator should be warned 
immediately ; some methods of accomplishing this will 
be considered under safety devices. If, in such emer- 
gency conditions, the furnace is filled with a flammable 
atmosphere, the seriousness of the hazard will depend 
on the speed with which the operator burns out the 
heating and cooling chambers. He should immediately 
admit room air to hot sections to replace flammable 
atmosphere before the temperature drops below 1400 F. 
Pilots, gas curtains, or other ignition means should be 
placed at the outside doors of sections below 1400 F; 
then the doors may be opened wide. The ignition 
flames should be kept burning until these sections are 
completely burned out. 


SUGGESTED SAFE PROCEDURES FOR VARIOUS TYPES OF 
FURNACES 


‘Closed Chambers with Openings at the Bottom 


This type of furnace includes the bell type, elevator 
type, and tower type. It is desirable to purge with inert 
gas, but where inert gas cannot be used, the following 

procedure is recommended. 


Bell-type Furnace. For this example it is assumed 
that work is placed under a tight retort which is sealed 
to the load-supporting base by sand or liquid seals, and 
the furnace containing the heating units is placed over 
this closed retort. It is assumed that the atmosphere 
‘used is a flammable gas and that the purging of the air 
with the gas is done with the retort cold. 

(1). 

. (a). Place a pilot flame near the gas inlet or inlets 
on the base, and start the flow of gas. Be sure that 

: the gas is burning freely at all inlets 

3 (b). Lower the retort over the load and into the 

seal. The flame will burn out the entrapped air 

and prevent an unsafe mixture from forming 

(c). Circulating fans should not be started until 

about 10 min after the retort is sealed. 


(2). 
(a). Turn off circulating fan and allow it time 
= to stop 
(b). Turn off the atmosphere gas 
4 (c). Immediately raise the retort slowly, and 
when it is 2 or 3 ft above the base, ignite the gas 
under the retort, using a torch with a long handle. 
The air will enter and burn out the gas. 


To introduce the flammable gas: 


To remove the flammable gas (retort cold): 


Sean te 


7 AWS Th aby 


Elevator-type furnaces. This type of furnace is similar 
to the bell-type except that the furnace is supported 
‘off the floor in a permanent position and the load is 
raised up into the furnace on a supporting base which 
closes and seals the bottom opening of the furnace. It 
is assumed that the work is loaded on the base, with 
‘no retort covering it, and the flammable atmosphere is 
in contact with the work and with the furnace chamber. 
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The atmosphere inlets are gener ally through ao roof 
of the furnace. 


(1). To introduce the gas: 


(a). If the furnace is above the ignition point 
(1400 F), the flammable gas should be turned on 
while the bottom of the furnace is open. The in- 
coming atmosphere gas will immediately ignite as 
it enters the chamber 

(b). If the furnace is cold, the flammable gas 
should be turned on and immediately ignited by 
a long torch while the bottom of the furnace is 
open. Make sure the incoming gas continues to 
burn 

(c). The base should be raised until it seals with 
the bottom flange of the furnace 

(d). The pilot lights should be turned on at ex- 
haust vents just above the base seal. When the 
flammable gas burns at these exhausts, the furnace 
is considered to be purged. 


(2). To remove the gas: 


(a). Increase the flow of atmosphere gas if suffi- 
cient quantity is available to establish a slight 
pressure within the furnace. Place pilot lights at a 
point near the seal of the base at the bottom of 
the furnace 

(b). Lower the furnace base until the seal is 
broken; the escaping gas will immediately ignite 
(c). After the base has been removed, turn off 
the atmosphere gas, and the chamber will burn 
out. 


Tower-type continuous furnace. This type of furnace 
may have an attached cooling chamber. Both heating 
and cooling chambers would be closed at the bottom 
except for small entrance and exit openings. 

(1). Whether the heating chamber is cold or hot 
when the air is purged out, it is strongly recommended 
that an inert gas be used to remove the air before intro- 
ducing the flammable gas. The burn-out method is not 
recommended. 

(2). To remove the flammable gas, an inert gas 
should be used to reduce the hydrogen content to 4 
percent or less before air is allowed to enter. Because 
of the almost totally closed chamber, the burn-out 
method cannot be relied upon to proceed to completion. 
For effective purging, consider the relative specific 
gravity of the atmosphere gas and purging gas, as ex- 
plained under Density Considerations. 

When using flammable gases in this type of furnace, 
it is essential that a standby source of inert gas always 
be available in such quantity as to purge the furnace 
to a safe point in an emergency. 


Batch-type and Horizontal Continuous Furnaces, with 
and without Cooling Chambers Attached. These recommen- 
dations are based on a report entitled ‘Safe Operating 
Procedures for Different Types of Special Atmosphere 
Furnaces,’ compiled by Mr. J. B. Smith of the Asso- 
ciated Factory Mutual Fire Insurance Company.) 
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For convenience, this section is divided into three 
classes according to different operating temperatures. 


Furnaces with all sections above 1400 F (no cooling 
chamber) as indicated by the temperature controllers. 
Either the method of purging with inert gas or the 
method of burning out is acceptable from the explosion 
hazard standpoint. With the burning-out procedure, 
all sections should be maintained over 1400 F during 
the beginning or stopping of the flow of flammable 
atmosphere. Under these conditions, mixtures of flam- 
mable atmosphere and air continue to be burned as 
they are formed until flame appears at the slightly open 
entrance and exit doors when starting up; and on shut- 
ting down, until all flame disappears from inside the 
furnace after opening the doors and shutting off the 
flow of flammable atmosphere. By these indications, 
the changeover from one atmosphere to another is 
known to be complete. 


Furnaces consisting of heating chambers and attached 
cooling chambers where the heating chambers are 1400 F 
or over and the cooling chambers are under 1400 F. 
Where inert gas cannot be used for purging, these 
recommendations are given: 


(1). To introduce the gas (starting up): 


(a). The flammable atmosphere should be intro- 
duced into the heating chamber alone, and only 
after the chamber has reached the temperature of 
1400 F and with the chamber entrance door closed. 
The door between heating and cooling chambers 
should be wide open, and the cooling chamber exit 
door opened 2 or 3 in. 

(b). The flow of flammable atmosphere should 
be continued, filling the heating chamber, then the 
cooling chamber. When flame appears at the 
heating-chamber and cooling-chamber entrance 
and exit doors, it is an indication that all air has 
been burned out 

(c). At this time, pilots and/or flame curtains 
can be lighted at cooling-chamber and _ heating- 
chamber doors. Now the furnace is ready for pro- 
duction. 


(2). To remove the gas (shutting down): 


(a). 


above 


Maintain the heating chamber at 1400 F or 


(b). Open wide the door between heating and 
cooling chambers 

(c). Apply a continuous reliable ignition source 
such as a pilot, flame curtain, or portable torch 
with a flame extending slightly above the hearth 
level (a flame which is too high tends to exclude 
fresh air) at both heating-chamber entrance and 
cooling-chamber exit doors 

(d). Open wide the heating-chamber and cooling- 
chamber exit and entrance doors 

(e). Shut off the flow of flammable atmosphere 
to all inlets of the heating and cooling chambers. 
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The gas will burn from each end backward nee 
out the heating chamber and cooling chamber in ¢ 
very few minutes. (CAUTION: Be certain thar 
shut-off valves close tightly and do not ‘leak 
Cock-type valves are preferred.) 

(f). With both chambers now being filled wit 
air, pilots and/or flame curtains may be extin 
guished and the heating units shut off. 
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Fig. 110. Safety shut-off gas valve. Closes when pressure is low; 
must be manually opened (Courtesy Eclipse Fuel Engineering 
Company, Rockford, Illinois.) 


A furnace with no section above 1400 F: In the absence 
of a reliable ignition temperature, the advantage, from 
the safety standpoint, of purging with inert gas is most 
pronounced. If inert gas is not available, the burn-out 
method can be used in this manner: 


(1). 


(a). After the furnace is at operating tempera- 
ture with heating units “‘on’’, a portable lighting 
torch should be placed at the point or points inside 
the furnace where the flammable atmosphere is tc 
be admitted 


(b). Start the flow of flammable atmosphere 


Introducing the gas (starting up): 


(c). After the incoming atmosphere is ignited at 
the inlet ports, remove the torch 4 


(d). Doors should be moved to the closed position 
and the flow of flammable atmosphere gas con- 
tinued, except for continuous furnaces, where door 
positions will be the same as in 1 (a) under pro- 
cedure for furnaces with heating chambers at 1400 
F or over 


(e). The flow of flammable atmosphere should be 
continued until the flame appears at the heating- 
chamber and cooling-chamber entrance and exit 
doors 


(f). At this time apply continuous reliable igni- 
tion sources, such as permanent pilots and/or 
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flame curtains, at the entrance and exit doors. The 
furnace is now safe to put into operation, and 
proper atmosphere will be maintained as long as 
the gas flow is continued. Pilots and/or flame cur- 
tains should be maintained to insure ignition of 
the escaping gas as soon as doors are opened. 


(2). To remove the gas (shutting down): 


(a). Maintain the heating units “‘on’’ 


(b). Subsequent steps are identical to procedure 
given in 2 (b) to 2 (f) inclusive in the preceding 
section. 


_ If the foregoing procedures are followed, safe opera- 
tion of protective atmosphere furnaces is assured. 


SAFETY DEVICES 


The majority of furnace atmospheres in use today 
are generated by the combustion or reformation of mix- 
tures of gas and air. Certain safety devices have been 
found necessary or highly desirable to insure safe 
Operation of the gas-producing equipment and the 
furnaces with which it is used. 

To meet the required safety standards, the atmos- 
phere generating equipment should be designed to these 
specifications: 


(1). It should be reliable and designed for continu- 
ous 24-hr operation for months at a time without a 
shutdown. This requires properly selected heavy-duty 
motor and compressor units. Some automatic means of 
maintaining the set ratio of air-to-gas (Part IX) over 
the normal range of volume fluctuation of the equip- 
ment is also essential 

7 (2). Indicating flow meters (Part IX) for both gas 
and air will permit a quick check on the air-gas ratio 
and output volume of the producer 

(3). When the source of fuel gas fails, automatic 
means should be provided to close a valve in the fuel- 
gas line and stop the compressor, and to notify the 
operator by means of an audible signal 


Fig. 111. 
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Fig. 112. 
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Solenoid trip safety shut-off 
valve. Closes when electric power fails; a 
must be manually opened (Courtesy ¢ ; 

Automatic Switch Corporation, Orange, 4 mH 


Pressure-operated electric 
switch that can be adjusted to open 
or close the circuit when gas pressure 
is reduced below a safe minimum 
(Courtesy Minneapoiis- Honeywell 
Company, 
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(4). In the event of loss of power which would stop 
the blower or mixture compressor, the fuel-gas line 
should be closed with a solenoid valve of the manually 
opened type except for very small sizes. A warning 
signal also would be desirable 


(5). While getting the generator started and prior 
to the establishment of a stable operating condition, 
positive arrangements should be made to vent the 
output of the generator to atmosphere and prevent the 
gas from entering the furnace. 


Fuel Shut-off Valves 


If the flow of fuel gas to the generating equipment 
should be shut off, it would then be possible to pump 
air through the generator and into the furnace. Fire 
insurance underwriters recommend two methods of 
handling this problem. One device, Fic. 110, is a 
weight-locked-type diaphragm valve placed in the 
fuel-gas line. In normal operation, the pressure of the 
gas on the bottom side of the diaphragm holds the . 
valve open. If the gas pressure on the line drops to an 
unsafe minimum, the valve will close allowing the 
weighted lock to move into position over the stem, 
locking it closed. After gas pressure is restored, the 
valve must be opened by the operator. An electric 
switch can be operated in conjunction with the valve 
lock to furnish an interlocking circuit with the com- 
pressor, or to operate a signal. 


Another device is the solenoid trip valve, Fic. 111. 
This valve is manually opened and is held in the open 
position by a solenoid energized through the electrical 
circuit which supplies the compressing equipment. 
Upon power failure, the valve is closed by spring 
pressure or by weight. A pressure switch, Fic. 112, 
actuated by the pressure on the fuel-gas line, could be 
connected into the electrical circuit and operate in 
such a manner as to open the circuit to the solenoid 
if there is loss of pressure on the fuel-gas line. This 
arrangement gives double protection against the loss 


‘of electric power and gas pressure. When the power 
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fails on the mixer and compressing equipment, the 
closing of the valve in the fuel-gas line prevents the 
possibility of leakage of raw fuel through the equip- 
ment and into the furnace. 


’ Fire Checks 

When a gas-air mixture is premixed and piped to 
the burners under pressure, it is customary practice to 
protect the distribution line and mixing equipment with 
fire checks placed just ahead of the burners. Such de- 
vices use the principle of high velocity through very 
small ports to arrest the travel of flame and maintain 
it at the fire check, thus preventing its traveling back 
to the compressor. Fic. 113 illustrates a typical auto- 
matic-type fire check. In addition to the flame-arresting 
screen which can be seen in Fic. 113 (a), the device 
contains a built-in spring-closing-type valve which is 
held in the open position by two bimetallic strips on 
the top side of the screen. In the event of a backfire, 
the flame would be arrested at the top of the screen 
where it would heat the bimetallic strips sufficiently 
in a few seconds to release the valve stem and permit 
the valve to close, thus shutting off the flow of air-gas 
mixture ahead of the fire-check screen. This device also 
incorporates a check valve, which can be seen partially 
removed from the side of the unit in Fic. 113 (a) and 
which, in the case of an explosive back-fire, would close 
momentarily before the flame traveled to the fire-check 
screen, thus insuring that the force of the explosion 
would not drive the flame through the screen. This is 
an important feature and is required to give complete 
protection when handling high-hydrogen gases, such 
as coke-oven gas. 


Fic. 113 (b) illustrates the assembled unit and shows 
the manual reset stem of the valve projecting from the 
bottom. Also incorporated in this unit is an electrical 
switch which can be used to operate an alarm circuit 
or to stop the compressing unit. 


Flame-failure Devices 
Flame-failure devices are available which utilize 
electronic circuits and operate on the principle that 
flame is a conductor of electricity. Such devices are in 
general use on low-temperature air heaters and ovens 
where ignition is dependent on a pilot burner. Such 
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Fig. 113 (a). 
partially disassembled to show the 
flame arresting screen, bimetallic 
strips holding open the shut-off 
valve, and the check valve 


Fig. 113 (b). 
completely assembled and includ- 

ing a signal switch (Courtesy of 5 
Selas Corporation of America, i 


Philadelphia, Pa.) ENS 
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Automatic fire check 
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Automatic fire check . | 
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devices, -however, are not generally used on atmos- 
phere generators and are not recommended by the fire 
insurance underwriters. There are two reasons for this: 
the first is that the generators utilize refractory-lined 
combustion chambers which operate at temperatures 
of 1800 F or higher and serve as a constant source of 
ignition that eliminates the need for a pilot; and the 
other reason is that the device does not operate until 
complete flame failure occurs, which means that the 
ratio of gas to air could vary widely, permitting the 
equipment to operate while producing products of 
combustion high in combustible gases, or even con- 
taining a considerable amount of free oxygen before 
flame failure would take place. For inert-gas-producing 
equipments particularly, the protective device should 
guard against the production of a gas containing more 


Fig. 114. A typical solenoid-type valve that is opened when energized 
(Courtesy Automatic Switch Corporation, Orange, N. J.) 


than very small amounts of either combustibles or free 
oxygen. More complete protection is afforded by the 
use of continuous analyzers in the output gas (Part 
VIII) which can operate signal devices or shut down 
the equipment by means of electrical switches actuated 
by the instrument when the analysis goes above or 
below the set range. 

; 
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Furnace Protective Devices 

Solenoid Valves. As previously mentioned under 
Principles of Purging, it is hazardous to introduce a 
flammable gas into a furnace chamber (containing air) 
which is not up to ignition temperature (1400 Flo 
prevent the accidental occurrence of such a situation, 
automatic means can be provided for closing the atmos- 
phere line to the furnace chamber until that chamber 
has reached the proper temperature. 

One simple method of accomplishing this is to place 
a solenoid-operated valve (Fic. 114) in the atmosphere 
line to the furnace which will remain closed until the 
solenoid is energized. By means of an extra set of con- 
tacts on the temperature-control instrument for the 


To flame curtain Gas cocks 


Alr pressure regulator 


Fig. 115. 


furnace, this valve will become energized and opened 
only after the temperature of the furnace reaches 1400 
F. If the furnace chamber has an attached cooling 
chamber into which some of the furnace atmosphere is 
normally introduced, then a second solenoid valve will 
be required in the atmosphere line to the cooling 
chamber. This solenoid valve will be actuated through 
a time switch which is started at the instant the atmos- 
phere is automatically introduced into the hot chamber. 
After sufficient time has elapsed in which to safely purge 
the furnace and cooling chamber by means of the atmos- 
phere which enters the hot chamber, the timer will 
close the circuit to the valve in the cooling-chamber line 
and allow atmosphere gas to enter at that point as well 
as into the furnace chamber. 


Flame Curtains. Practically all atmosphere furnaces 
utilize flame curtains at the entrance and exit doors, 
for the purpose of preventing the entrance of air from 
the room and retarding flow of atmosphere from the 
furnace, when the doors are opened. The curtains em- 
ploy either raw gas or a mixture of air and gas, gen- 
erally distributed across the bottom of the furnace 
opening in such a manner as to permit the flame to 
completely cover or shield the furnace opening. 

The burner itself is generally a pipe with a row of 
slosely spaced small holes, or small burner tips placed 
slose together and of sufficient length to more than cover 
the width of the door. A typical gas curtain such as that 
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Solenoid valves 
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shown on the FRONTISPIECE illustrates the effectiveness 
of coverage of a door opening 27 in. wide and about 
10 in. high. Continuously burning pilot lights can be 
seen at each side of the door which serve to ignite the 
curtain when the door is opened. Such curtains are 
usually arranged to turn on and off automatically when 
the door is opened or closed by either mechanical or 
electrical means. 

Curtains of this type usually employ a gas-air mix- 
ture adjusted to about 50 percent aeration which pro- 
duces a clean, clear flame that does not interfere with 
visibility. The curtain illustrated is supplied with a 
gas-air mixture obtained by mixing compressed air with 
coke-oven gas. The simple arrangement of the equip- 


Bock pressure 
valve 


To pilot lights Gas intet 


Compressed air inlet 


Piping arrangement of pressure regulator and valves for supplying a mixture of air and gas to a flame- 
curtain burner such as that shown in the Frontispiece 


ment for this method is shown in Fic. 115. The com- 
pressed air is reduced to a low pressure so that its 
flow can be readily controlled. The fuel-gas line in- 
cludes a back-pressure or check valve which will pre- 
vent any accidental backing up of compressed air into 
the fuel-gas line. The two gas cocks are used for adjust- 
ing the flow of air and gas to give the proper mixture 
at the mixing tee from which a pipe conducts the mix- 
ture to the burner at the front of the furnace. The 
two solenoid valves open or close both lines simultane- 
ously by means of a switch actuated by the furnace 
door. 

To properly cover door openings greater than 12 in. 
in height it is advisable to increase the fuel-gas pres- 
sure considerably above the 8 in. water normally 
available. Sometimes it has been found advantageous 
to supply the proper mixture from a premix equip- 
ment, with motor-driven compressor, which can supply 
the mixture at pressures from 1 to 3 lb per sq. in. 


(To be continued) 
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In Heavy Duty Aircraft Relays, 


the Tough Jobs are Handled by... 
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The complex electrical systems of modern bombers 
and airliners must never fail. Even when overloaded, 
relay contacts must not stick or overheat. 


These specifications are high, indeed. But one contact 
material—Mallory D-54*—has come through with fly- 
ing colors! The tests Mallory D-54 Contacts have to 
withstand include: 
On resistive load—50,000 operations at 
rated load. 
Overload test—Contacts must withstand 
100 operations at 8 times rated load. 
Motor load—Contacts must withstand 
50,000 operations at 6 times rated load. 


MALLORY Contacts 


On relays rated 200 amperes and up, to our knowledge 
no other contact material has performed as successfully 
as the Mallory D-54 silver-cadmium oxide. 


What’s Your Problem? 


Mallory D-54 is only one of the many superior Mallory 
Contact materials available to you. Mallory has success- 
fully produced so many kinds of contacts that there is 
probably a standard Mallory Contact to fit your most 
demanding design. However, if Mallory does not have 
such a material available—our engineers are equipped 
to develop the contacts you need. 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 


For all kinds of contact materials and service, 


Mallory is your most dependable and experienced source. 


Electrical Contacts and Contact Assemblies 


P.R. MALLORY & CO. Inc. } 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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SERVING INDUSTRY WITH 


Capacitors Rectifiers 
Contacts Switches 
Controls Vibrators 


Power Supplies 


Resistance Welding Materials 


*Reg. U.S. Pat. Off. 
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MULTICHANNEL RECORDER 


Tests made on a commercial air line indicate the 
utility and reliability of this system of continu- 
ous recording of significant operating conditions 


By D. W. HALFHILL 


is athe = 
Meter and Instrument Divisions, West Lynn Works 6 Wy Wohl) 


General Electric Company 


HE need for an adaptable recording system capable 

of remotely registering nonelectrical, as well as 
electrical, quantities has long been realized. Though 
individual recording problems have been solved in 
specific cases and with varying degrees of success, a 
single device adaptable to the recording of many 
different entities such as pressure, electrical quantities, 
temperature, and mechanical motion has not been 
readily available. 


An answer to many of these problems may be found 
in a recording system recently developed for a flight- 
recorder program which required that barometric alti- 
tude and vertical acceleration forces be logged con- 
tinuously by passenger-carrying airplanes. A number of 
unusual features have been included in this recording 
system which may prove useful outside the field of 
aviation. 

The inherent flexibility of the system allows the 
recording of almost any quantity, merely by attaching 
appropriate primary detectors. Features peculiar to 
the system described here are: 


(1). Continuous recording without the use of ink, 
ribbon, or other recording means having similar 
limitations. This is made possible by a pressure- 
sensitive chart paper, to be described here. The rec- 
ord is immediately available as a fine-lined legible 
trace, regardless of ambient temperature or pressure 
conditions. 


(2). An endless-belt system which permits mul- 
tiple traverses of the chart without interruption. A 
scale expansion greatly beyond the width of the 
chart is therefore possible, and uninterrupted records 
of continuously rotating functions, such as wind 
direction or compass heading, may be accurately 
recorded. ; 


(3). A telemetering principle permitting remote 
location of the intermediate means and end device 
from the primary detectors. 


(4). Two recording channels for continuous func- 
tions and two for “‘on-off”’ indications. This makes 
possible simultaneous comparison of four separate 


- functions on the same strip chart.. 

eS aaw—aOnaaaawaom. 
This article is so paged that, without mutilating other articles, it can be 

eadily removed for filing as a group of full-size consecutive pages.—EDITOR 


(5). Light, sturdy, shock-mounted construction, 
which permits use where more delicate instruments 
would fail. Furthermore, since accuracy is not 
affected by shocks or jolts to the recorder, mobile 
use is possible. 


DESCRIPTION OF RECORDING SYSTEM 


Four separate parts make up the complete recording 
system: an amplifier, a recorder, and two signal trans- 
mitters, connected by appropriate wiring. Intercon- 
nection of the separate parts is shown functionally in 
Fic. 1; in order to simplify the diagram, only one 


PRIMARY DETEGTOR a 


| SIGNAL TRANSMITTER Dae 
2 AMPLIFIER me 
3 A-C POWER 

4 RECORDING BELT ae 
5 SELSYN RECEIVER 

6 SERVO MOTOR NZ 


Fig. 1. Functional diagram of interconnections to one 
channel of the recorder 


signal transmitter is shown. Each of the two recording 
channels operates independently as a _ closed-loop 
servomechanism operating on a null principle. When 
an angular displacement exists between the recording 
unit and one of the detectors, an error voltage repre- 
senting that displacement is produced which, when 
amplified, causes the associated recording motor to 
drive the unit into correspondence. Therefore, any 
motion of the primary detector is faithfully followed 
by the scribing meghanism. 

The two sensing devices used in the system consist 
of primary detectors producing a rotational output 
coupled to selsyn-type electric transmitters. These 
units can be mounted at the points where measure- 
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ments are to be made. Two types of signal trans- 
mitters are shownin Fic. 2. The unit on the left is 
specifically designed to be used with this recording 
system and can be manufactured where quantity use 
justifies tooling. The unit on the right consists of a 
conventional indicating instrument with a small 
electric transmitter linked to the moving element. This 


Fig. 2. The two types of transmitting device used with the recording 
system. Left, special unit with internally mounted selsyn transmitter. 
Right, conventional indicating instrument with external transmitter 


type can be used where small quantities are required. 
Indicating instruments which produce a torque of 0.2 
gram-millimeters or more can be used in transmitters 
such as these. 

A separate unit consisting of two amplifier channels 
with a common power supply is also a part of the 


Fig. 3. Amplifier unit in its case, at 
left. Ease of servicing is demonstrated 
by the opened unit at right 


system. It is small and shock-mounted, uses standard 
vacuum tubes, and is designed for ease of servicing. 
Two views of the amplifier are shown in Fic. 3. On the 
left is a unit with two screwdriver controls for adjust- 
ment of the amplifier sensitivity in each channel for 
optimum operation. On the right, the case is removed 
and the terminal strips are detached to show provisions 
for servicing. 

Since each amplifier channel operates as a part of a 
closed-loop servo system, accuracy is independent of 
tube characteristics. The amplifier unit serves also as 
a junction box for the complete recording system. 

The recorder (Fic. 4) utilizes a pressure-sensitive 
chart paper on which a trace is made by drawing a 
pointed stylus over the surface, producing a fine black 
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line on a white background. The chart itself consiss 
of a paper base on which two coatings are placed 
the first black, the second an opaque white. The seco 
coating is softer than the first, and as the stylus move 
across the surface of the paper the white layer is pushe 
aside, exposing the black layer underneath. Any nu 
ber of traces may be made on a strip chart of this typo 
The only limitation is in the number of elements pre 
vided, in this case four. The system is nonclogging 
and the styli do not require cleaning. The record wi’ 
not fade, and is legible after immersion in either fres: 
or salt water for a considerable period. 

Each of the two ‘‘on-off’’ indications is represente¢ 
by the traces of a stylus at one edge of the paper 
operated by a magnetic solenoid. When the solenoid: 
are energized, the traces move approximately 7¢ ine? 
toward the outside edges of the chart. Styli representina 
continuous functions are mounted on endless belts 
which run on sprockets as shown in Fic. 5. There ari 
three styli in each belt, each spaced from the others : 
distance equal to the circumference of one sprocket: 
Thus, continuous rotation in one direction will cause 
one stylus after another to traverse the chart, each 
leaving the chart as the next is brought to bear at the 
opposite end. The record which this produces represent: 
a continuously rotating function. Operation of tha 


system is demonstrated in Fic. 5 where the indicatiof 
of a sensitive altimeter, each rotation of the long 
pointer representing 1000 feet, is correlated with a 
multiple trace on the chart. 

Two recording belts are necessary; one is located 
about %@ inch behind the other. This arrangement 
imposes no difficulty, since the distance is always con- 
stant, and it has the advantage of separating transient 
functions for easy examination. 

The chart paper is entirely contained in a separate 
assembly, which can be removed from the recorder tc 
facilitate servicing. The chart is driven by a 60-cps 
synchronous timing motor at any desired speed up tc 
several inches per minute. For airborne or mobile use 
60-cps power is produced by a hermetically sealec 
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precision vibrator operating from an existing d-c power 
supply. The door to the recorder is provided with a 
vibration-proof latch, which will not open by itself, 
and the entire unit is shock-mounted. 


PERFORMANCE 


Proof of satisfactory operation under unusual condi- 
tions is emphasized by a year-long flight test ona major 
U. S. air line’s DC-4, operating in transcontinental 
passenger service. Over 2500 hours of satisfactory air- 
borne operation were logged; routine inspections during 
this period indicated satisfactory operation, and no 
overhauls were necessary. The first service was the 
replacement of a vibrator, which normally has a life 
expectancy of about 2000 hours. 


Because of the fact that the system was in flight- 
recorder service, signal transmitters sensitive to alti- 
tude pressure and vertical acceleration were used. The 


_ Fig.4. Inthe recording unit are two endless perforated belts, each moving 
a set of three styli across the pressure-sensitive chart paper 


relation between these two quantities is easily seen on 
the record, since the altitude transmitter causes the 
stylus to make one traverse across the chart for each 
thousand feet of altitude, and acceleration has limited 
travel. Changes in altitude as small as approximately 
ten feet can be detected. By simultaneous analysis of 
both the altitude and vertical-acceleration traces, it is 
possible to estimate the magnitude and duration of 
vertical air currents and resulting stresses to which 
the airplane is subjected. In many parts of the record, 
indications of rough flying conditions have shown very 
clearly why the pilot found it necessary to alter his 
priginal flight plan. 

One of the ‘‘on-off’’ markers on the air-line test was 
ised to indicate when the autopilot was in operation. 
Such an arrangement provided a very good check on 
she sensitivity and performance of the autopilot. An- 
ther interesting point was brought out by the flight 
-ecords. Approaches to one airport were, almost without 
exception, accompanied by bumps recorded on landing. 
Airline pilots have verified this condition, saying that 
t is unavoidable because of a steep approach made 
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necessary by surrounding obstacles. Rate of climb of 
the airplane is also easy to compute, since a direct 
comparison of altitude and time scale is possible. 
Further ‘‘reading between the lines’? makes it possible 
to determine when sharp turns are made, because of 
the displacement in the acceleration record. 


Fig. 5. The multiple-traverse principle correlated with the indication on 
a sensitive altimeter. Each complete traverse represents a change in alti- 
tude of 1000 ft, or one revolution of the long pointer on the instrument 


UNUSUAL USES 

Because many primary detectors are more accurate 
than the intermediate means or the end device used 
with them, a considerable loss of recording accuracy 
results. With the greatly expanded scale length made 
possible by the continuous-belt principle, and because 
of the fact that transmission errors are not cumulative 
over several cycles of belt revolution, the recorder can 
take full advantage of the inherent accuracy of the 
primary detectors. The relatively high speed of response 
permits. recording of periodically changing functions 
up to three or four cycles per second, depending upon 
the magnitude of the input and the accuracy required. 

While the continuous-belt recorder does not purport 
to replace oscillographs for recording periodic or tran- 
sient functions, it nevertheless is capable of operating 
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MULTICHANNEL RECORDER 
(Continued from preceding pag\ 


at frequencies considerably higher than most strifi 
chart recorders not using photographic means. 

Primary detectors used in this system need not haw 
electrical output; therefore, any mechanical, thermaz 
or other continuously variable function can be re 
corded, as well as pure electrical quantities. Conversior 
to the proper voltages for recording is accomplishet 
by the selsyn-type transmitters attached to the primar 
detectors, eliminating the need for developing cor 
version devices to suit each particular case. 


CONCLUSION : 

Because its light, sturdy construction permits thi 
system here described to be used where other device 
fail, successful operation is found in marine use, 0: 
surface vehicles, and in aircraft. Other uses may bi 
found in industry, where an adaptable recording device: 
has been needed for some time. Creation of new use 
can perhaps be effected by those in engineering, pro 
duction, and development work who have, in the past 
been limited by the inflexibility of existing measure 
ment devices. Here, in one tool, is found the means fo: 
successfully recording a multitude of different func 
tions. It is through the application of such devices a 
this that the work of men in industry and researc] 
is made more productive. | 
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HEAVY-DUTY BEARINGS WITH 
INTERMITTENT OSCILLATORY MOTION 


Unique conditions associated with heavy loading and limited 
motion must be faced in designing the operating mechanisms 
for circuit breakers. Textolite bearings give good service 


By R. R. BUSH 


Power Circuit Breaker Division, Philadelphia Works 


General Electric Company 


TION in journal bearings has been a subject 
of continued study since the invention of the first 
machine. Most of such bearings normally operate un- 
der conditions of continuous rotation, with intermittent 
periods of rest; and most of the published literature 
on the subject is concerned with these conditions. Such 
bearings normally require rather frequent attention 
and a supply of lubricant that can be conveniently 
renewed. This lubricant is continudusly carried into the 
bearing by the rotating action of the shaft in the bearing. 
In some bearing applications, such as power cir- 
cuit breakers, however, no such continuous shaft rota- 
tion is present to carry lubricant into the bearing, 
which may consequently either operate dry or with 
grease that may be either inserted at assembly or 
forced in under pressure. Circuit-breaker bearings are 
different also in that their rotation is confined to a 
fraction of one revolution in most instances, and oper- 
ations may be frequent or extremely infrequent. In 
fact, many operate so infrequently that if the duration 
of all the operations of the circuit breaker during 20 
years service were added together, the total time of 
operation might easily be as little as a single hour. 
Seldom would it be greater than 10 hours. 
| Despite its limited movement, however, which elim- 
inates any possibility of carrying lubricant into the 
bearings, the circuit breaker must stand ready to oper- 
ate and interrupt a dangerous short circuit at high 
speed on an instant’s notice. To do so, every bearing 
in the circuit breaker must operate with a minimum 
of friction regardless of the length of time which has 
elapsed since the last operation. Published data on 
this type of bearing service is practically nonexistent. 
This does not, however, eliminate the problem—a 
problem which circuit-breaker manufacturers have 
studied with each new circuit-breaker design in their 
endeavor to provide the highest degree of operating 
reliability. 
A power circuit breaker consists essentially of a 
large switch with means for extinguishing arcs. It has 
stationary contacts on each phase of an electric cir- 


- Presented as a paper at the Brie (Pa.) Meeting of ASME on September 
30, 1949. 
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cuit connected and disconnected by moving con- 
tacts. Generally speaking, springs oppose the closing 
of the moving contacts and account for a large part of 
the power required to close them. The quick opening 
is accomplished by a release or trip that allows the 
springs to come into play. 

Each passing year has seen the duty on circuit- 


breaker bearings increase, both as regards bearing 
pressures and bearing speeds. Fic. 1 shows a relatively 


Fig. 1. Oil circuit breaker with tank removed. This breaker 
of 1925 vintage used brass pins in steel links of its mechanism. 
Height over-all, 214 ft 


early type of circuit breaker (with the oil tank re- 
moved) rated 2500 volts with an interrupting rating 
of 15 MVA*. The mechanism operating speeds were 
comparatively low and the bearing loads relatively 
light. Simple overload tripping and manual operation 
were the rule. 

As the electrical power systems grew, however, 
short-circuit currents increased, and larger and faster 


*MVA =Megavolt Amperes = Million Volt Amperes 
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circuit breakers became necessary to prevent damage 
to valuable apparatus. To obtain maximum continuity 
of service, circuit breakers were developed to provide 
high-speed clearing and reclosing of circuits. Fic. 2 
shows a circuit breaker recently developed which has 
a rating of 360,000 volts, 10,000 MVA. It was designed 
to open its 6 sets of 1000-amp contacts in 0.05 sec and 
to reclose them in 0.167 sec. As a matter of comparison 
of size, the inset at the lower lefthand corner shows 
the early breaker (Fic. 1) to the same scale as this 
modern breaker. Without the improvements both in 
circuit-breaker bearing design and in bearing materials 
which occurred in the intervening years, the latter 


Fig. 2. Low-oil-content impulse-type oil circuit breaker. Rated 360 kv, 
10,000 MVA. Interrupting time, 0.05 sec. Reclosing time, 0.167 sec. A 
modern breaker with modern bearings. Height over-all, 28 ft. Inset (lower 
left) of breaker from Fig. 1 compares sizes 


designs would not have been possible. Fic. 3 represents 
the general development of these characteristics in a 
chronological relationship. 


BEARING REQUIREMENTS FOR THE MECHANISMS OF 
MODERN CIRCUIT BREAKERS 

As previously stated, the operating requirements 
for circuit-breaker bearings are quite different from 
those found in most apparatus or machines. This con- 
‘trast can be illustrated by considering, for example, a 
motor-generator set (Fic. 4) which develops 50 hp and 
runs at 3600 rpm. The surface speed of the shaft in 
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the bearings is approximately 35 ft per sec; the bear 
are lubricated by oil and run with pressures in the orde 
of a few hundred pounds per square inch. The surfaci 
speeds on typical circuit-breaker shafts or pins, 0% 
the other hand, are less than 10 percent of the shah 
speed of the motor-generater set. The loads per squar 
inch on the circuit-breaker bearings, however, ar 
many times higher, ranging from 2000 to 10,000 1b pex 


Interrupting Capacity 
Interrupting Time 
Reclosing Time 
Bearing Pressure 


n 


in Pounds Per Sa T 


Time in Seconds 


essure j 


Capacity in Meggvolt - amperes 


Pr 


(e} 
6 28 1930 32 34 3% 38 194042 44 46 48 1950 


Time in Years 


Fig. 3. General chronological development of allowable bearing pres- 
sures compared to other power-circuit-breaker characteristics 


sq in. of projected bearing area, depending upon the 
particular application. In fact, peak pressures may g¢ 
considerably higher than 10,000 lb per sq in. These 
high bearing loads are a result of the heavy spring 
forces used to obtain high-speed acceleration of the 
breaker contacts. Pin and shaft diameters, moreover 


Fig.4. Motor-generator set for adjustable-frequency output. Rated 50 hp 
maximum at 3600 rpm. Bearings of such machines must operate continu- 
ously at high speed and relatively low loading with oil lubrication. 


are kept as small as possible to limit the diameter o 
the friction circles. A typical application of such bear 
ings is in the mechanism of the magne-blast circut 

breaker shown in Fic. 5. 
Most power-circuit-breaker shafts rotate througl 
limited angles when opened; the majority through les 
. 
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than 60 deg while few rotate more than 120 deg. The 
closing operation generally reverses through the same 
angle. Breaker mechanisms consist principally of cranks 
rotating backward and forward as the breakers close 
and open. During this motion the load generally varies 
considerably. As an example, during the closing of a 
breaker, opening springs and contact Springs are en- 
countered in a sequence such that the final forces are 
anywhere from 5 to 25 times the starting load, depend- 
ing on the type of breaker. Fic. 6 is a typical force- 
travel curve at the actuating mechanism of a circuit 
breaker requiring average operating forces. 

_ Historically, a large combination of materials have 
been used for circuit-breaker bearings. When circuit 
breakers were first built for light loads, plain steel pins 


Fig. 5. Magne-blast power circuit breaker. Rated 500 MVA at 15,000 
volts. Bearings must operate instantly but intermittently at medium 
speed and relatively heavy loading. Height over-all, 41% ft 


and steel bearings were usually used. As loads increased, 
abrasion was encountered and steel pins and brass 
bushings were substituted. In some cases, it was more 
convenient to use brass pins directly bearing in steel. 
Fic. 7 shows an example of bronze pins in both cast 


6000 


Force in Pounds 


{o) 0.5 1.0 Sae 2: OR 2.5 3.0 
Actuator Travel in Inches 


Fig. 6. Typical force-travel curve of circuit-breaker actuator 
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steel and malleable cast iron. With the use of non- 
ferrous metal, rusting and corrosion were greatly re- 
duced. The coefficient of friction also was reduced with 
the use of steel and brass. Later, to reduce corrosion, 
stainless-steel pins were adopted. When stainless-steel 


Fig. 7. Solenoid-mechanism linkage using bronze pins in cast steel and 
malleable cast iron 


pins and bronze bushings were used, a decrease in the 
coefficient of friction was again realized. 


TEXTOLITE COMPOUND BEARINGS 


In the past few years, the number of operations to 
which some circuit breakers are subjected has greatly 
increased. A considerable number of new materials 
have been studied to determine what materials or com- 
binations of materials might be used for circuit-breaker 
bearings to obtain even lower coefficients of friction, 
longer life, higher permissible loadings, or less frequent 
lubrication. For this intermittent duty where heating 
was not a limiting factor, a much wider range of ma- 
terials and combinations of materials could be consid- 
ered than would be possible for continuously rotating 
bearings. 

Of various bearing materials which have been tested, 


-Textolite tubing made of cotton cloth and thermosetting 


phenolic resin proved far superior to any of the metallic 
materials. When used with centerless-ground stainless- 
steel shafts, as illustrated in Fic. 8, this material proved 
superior to metallic bearings from the followng stand- 
points: 


(1). Its coefficient of friction is appreciably lower 
than most metallic bearings; moreover, the coefficient 
of friction decreases as the load on the bearing in- 
creases, which makes it particularly desirable for 
heavily loaded bearings. 

(2). Its low modulus of elasticity enables it to 
absorb extremely high impact loads without crack- _ 
ing or permanent deformation. 

(3). Its flexibility permits it to distribute stress 
over the entire bearing surface even with minor 
misalignments in the bearing seats. 

(4). Its ability to absorb lubricant into the sur- 
face of the material reduces the frequency of main- 
tenance for lubrication. 
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The linkage in Fic. 8 is shown schematically, but 
more completely, in Fic. 9 to illustrate how the oper- 
ating forces act through the mechanism and bearings. 
The heavy arrows show the loadings and the angles 
indicate the limited motion mentioned earlier. 

Fic. 10 shows the test machine used to compare 
Textolite bearings with metallic and other nonmetallic 
bearing materials. In this machine any desired bearing 
load may be obtained. The shaft operates in each 


Fig. 8. Cranks and rollers from an air mechanism, showing use of Tex- 
tolite bushings and stainless-steel pins 


CIRCUIT 


Fig. 9. Schematic diagram of mechanism, illustrating loadings (by heavy 
arrows) and limited motion (by angles) 
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{ 
direction in a manner similar to the action of a circuit 


breaker being closed and, opened; then it stands ai 
rest 13 sec before the next operation. This allows fous 
operations per minute. Fic. 11 shows an Olsen test 
machine and compressometer checking the shaft bend: 


Fig. 10. 


Bearing test machine for life test and friction measurements 


ing and the distribution of bearing loading. Fic. 12 
is a close-up view of the bearing mountings in the Olsen 
test machine. 


APPLICATION 

The advantages which Textolite bearings offer over 
metallic bearings for circuit-breaker applications have 
caused them to be used widely during the past few 
years for all locations except trip latches or other loca- 
tions where very low torques are available. Ball, roller, 
or needle bearings have been used at these locations 
because of their lower coefficient of friction at lighter 
loads. 

Textolite bearings are normally held in place by the 
press fit between the outside diameter of the Textolite 
and the diameter of the hole in the supporting member. 
Because Textolite is a compressible material, consider- 
ably more interference between these two diameters 
can be tolerated than with metallic bearings. A Tex- 
tolite bearing as much as 20 mils per inch of bearing 
diameter larger than the hole in the supporting member 
may be pressed into place without damage to the Tex- 
tolite bearing providing sufficient pressure is available 
for the purpose. 

As it is pressed into place, however, the compression 
decreases the internal diameter of the bearing approxi- 
mately the same number of mils as the interference 
between its outside diameter and the hole in the sup- 
porting member. Consequently, the amount of press 
fit between the outside of the bearing and the hole in 
the supporting member must be held to fairly close 
tolerances to insure uniform internal diameter in the 
bearing when in place. A clearance of approximately 
7 mils is desirable between the internal diameter of 
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the bearing and the shaft to provide for shaft deflec- 
tion between the two ends of the bearing and also to 
permit slight expansion during periods of high humidity. 
The wall thickness is 1¢ in. for small and medium 
sized bearings, while a ;4;-in. wall thickness is used on 
the larger ones. 


The coefficient of friction between the shaft and the 
bearing depends upon the amount of the press fit 
which was used when inserting the bearing in the sup- 
porting member. Fic. 13 shows curves taken on 34-in. 
bearings with three different amounts of press fit and 
with the same grade of lubricant in each case: No. 1 
with 3 to 6 mils interference; No. 2 with 8 to 11 mils: 
and No. 3 with 13 to 16 mils. In No. 1, where only 
3 to 6 mils were used, it was found that the shaft sank 
into the bearing and made contact with considerably 
more than 120 degrees of its surface. In No. 2, with 
the 8 to 11 mils press fit, the Textolite material was con- 
siderably more compressed thus giving better support, 
and contact was made over 90 to 120 deg of surface 
which decreased the coefficient of friction appreciably 
for ail loads. In No. 3, with the 13 to 16 mils press fit, 
less than 90 deg of contact were obtained and the 


Fig. 11. Testing for shaft bending and bearing loading in test machine 


Bearing mounting in Olsen test machine. Compressometer is 
tracing shaft displacement under load 


Fig. 12. 
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coefficient of friction was almost doubled. This sub- 
stantiates a large number of tests indicating that 
8 to 11 mils of press fit per inch of the bearing di- 
ameter will provide the optimum operating conditions 
for circuit-breaker bearings. Textolite bearings with 


Coefficient of Friction 


% 2000 4000 6000 8000 10,000 12,000 14,000 


Load in Pounds Per Square Inch of Projected Bearing Area 


Fig. 13. 
bushings 


Friction-load curves with stainless-steel pins in Textolite 


(1). Bushing interference fit, 3 to 6 mils 
(2). Bushing interference fit, 8 to 11 mils 
(3). Bushing interference fit, 13 to 16 mils 


Fig. 14. 


Textolite bushing assembly 


this press fit may therefore be used for most circuit- 
breaker applications. 

Fic. 14 shows the method of installing these bear- 
ings. The hole in the supporting member should, of 
course, be smooth with a small chamfer on the side 
from which the bearing is to be pressed into place. This 
is necessary to prevent damage to the outer surface 
of the bearing during pressing into place. A small bevel 
at the ends of the outer surface of the bearings has also 
been found helpful in eliminating shearing damage 
during the pressing operation. In most cases the fric- 
tion of the press fit will hold the bearing in place. If 
very short bearings are used or if the impact loading 
is especially severe, it may be necessary to install 
retaining plates at either end of the bearing to prevent 
it from working out. 

Life tests in actual circuit-breaker bearings show also 
that considerably higher bearing loads per square inch 
of projected area are permissible with Textolite bear- 
ings than with metallic bearings. Whereas 7 to 8 
thousand pounds per square inch of projected area is 
considered maximum for most metallic bearings, 10 
to 12 thousand pounds per square inch may be used 


(Concluded on following page) 
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HEAVY-DUTY BEARINGS 


(Continued from preceding page) 


without difficulty on Textolite bearings. This permits 
the use of smaller shaft sizes, thereby resulting in fur- 
ther reduction in friction and faster breaker operating 
times. 

The Textolite bearings may also be subjected to 
impact load which in a few operations would elongate 
metallic bearings beyond further possible use. This is 
particularly desirable in circuit-breaker applications 
as it eliminates the necessity of dashpots or other 
buffing means in many locations, if they were installed 
primarily for protection of the bearings. 

Many locations of circuit breakers are very dirty. 
Fic. 15 is an illustration of the dirt that might collect 
on a trip linkage under somewhat normal conditions. 
In steel mills or cement mills, much worse conditions 
than this are encountered. The use of grease in sleeve 
bearings minimizes the effect of dust although washers 
are often used to protect the ends of the bearings. Tex- 
tolite bearings are not as adversely affected by foreign 
matter that may enter the bearing as are metallic 
bearings. Any foreign matter is embedded rather easily 
in the Textolite and the scoring action on the shafts 
is greatly reduced. The bearing itself is not affected. 
Temperature has little effect on the operation of Tex- 
tolite bearings unless it rises so high that the strength 
of the cotton fibers is impaired. If the temperature is 
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raised higher, actual charring will take place. Thi 
limits the use of Textolite bearings in most application 
of continuous rotation where the local temperature a 
the inner surface of the bearing may be quite high 
unless some means of keeping the bearing cool is pre 
vided. 


Fig. 15. Trip linkage of a typical circuit breaker in dirty location. Note 
the dirt piled along lefthand link in the center of the picture 


Lubrication has always presented a problem in cir 
cuit breakers. Without complete rotation and con 
tinuous rotation, little grease is drawn into the bearing 
as it operates; therefore, the only lubrication that car 
be depended on is that which is inserted at assembly 
Textolite bearings are made from a cloth embedded ir 
phenolic resin. The spaces in the cloth are seldom en 
tirely filled with the resin on the inner surfaces. The 
little pockets which are left retain grease much mor 
readily than smooth metal finished surfaces. Thi: 
appears to explain to a great extent why Textolit 
bearings operate so satisfactorily under the very heavy 
loadings on power circuit breakers. 


CONCLUSIONS 


The rather unique requirements for circuit-breake 
operation have resulted in a type of bearing investiga 
tion somewhat different from that undertaken by in 
dustry in general. > 


The Textolite bearing has given very dependabl 
service on intermittent operation under heavy loads 
Friction is less than for other types of bushing bearings 
Resistance to impact is remarkable on account of th 
low modulus of elasticity or springiness of this material 
Corrosion is practically nonexistent when Textolit 
is used with stainless steel shafts, and the lubricatio1 
problem is eased—all of which simplifies the main 
tenance problems and insures dependable operation o 
power circuit breakers. 


(1)“‘Laminated Plastic Bearings for Heavy’ Duty and Severe Service,” b 
E. ee Product Engineering, vol. 20, No. 1, 1949, pages Tt 
inclusive. 
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HIGH LIGHTS ano SIDE LIGHTS ~— 


Undercar Power Plant 


A new diesel-electric undercar power 
plant for railway passenger-car auxiliary 
power has been developed. Rated 30 kw, 
the unit is designed for mounting under- 
neath any new or rebuilt passenger car 
with sufficient clearance to allow un- 
restricted movement on any railroad in 
the United States. 

The power plant consists of a 50-hp 
diesel engine and an alternator that pro- 


locomotive steam boilers. The 30-kw diesel 
generator not only affords about 20 kw of 
electric heat but also makes available a 
large supply of potential heat in both the 
engine-jacket water and the engine ex- 
haust. It is estimated that an efficient car- 
heating equipment will be able to recover 
about 18 kw of exhaust heat and about 25 
kw of waste heat from the jacket water. 
This means about 214,000 btu total heat 
per hour available for heating the pas- 


senger car. 


Diesel engine-generator unit for the undercar power plant 


vides 220-volt three-phase 60-cycle power. 
The 4-cycle engine has a displacement of 
273 cubic inches. The alternator has a 
maximum gross rating of 33.8 kva and, 
with its ultrahigh-speed amplidyne exciter 
and static-type regulator, has been de- 
signed to handle the present-day car loads 
with power to spare. 

One of the major advantages of this 
type of plant is the elimination of the load 
on the locomotive that is produced by 
axle-driven generators. It has been esti- 
mated that as much as 20 percent of the 
load on a passenger-train locomotive under 
limiting conditions of acceleration will be 
the axle-generator drag. Faster train 
schedules and longer trains will be possible 
when the diesel power plant is applied. 

Although the diesel-driven set weighs 
4800 lb, the elimination of the batteries, 
cable, air-conditioning motors, and drive 
unit necessary with an axle-driven gen- 
erator make the diesel-driven set lighter 
than the conventional undercar power 
plant. A unique mounting arrangement 
makes maintenance easy by enabling the 
equipment to be swung out of its sound- 
insulated box and out from under the car. 

The power plants have been designed 
to operate in parallel so that an entire train 
can be train-lined, thus assuring maximum 
reliability. The alternators are so designed 
that no synchronizing equipment is needed 

‘to parallel the sets. 

Another advantage of the sets is the 

relief that can be given the diesel-electric 
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Exposure Meter Developed For 
Print-a-minute Camera 


A new matchbox-size exposure meter, 
designed for use with the “‘print-a-minute” 
camera, is being produced in quantity. 

This instrument is calibrated in num- 
bers from 1 to 8, to correspond to the 
settings on the new type of camera. Be- 
cause it does not have a calculator marked 
in f-stops and shutter speeds, it is not suit- 
able for use with conventional cameras 
unless a conversion table or special calcu- 
lator is used. 

The new meter can be used to measure 
scene brightness over a range of 12 to 1600 
candles per sq ft. The various film speeds 


Even heat from a cable installed 
in the floor keeps chicks from 
crowding 
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are set by rotating the dial to the letter c 
the film being used. 

Weighing only two ounces, the meté 
comes equipped with a clip which permit 
it to be mounted directly on the camere 
Its case, molded from fiber-impregnates 
plastic capable of withstanding hig: 
shock, is designed to keep out dirt ane 
moisture for increased life and accuracy.’ 


The instrument has a sharply direc 
tional quality to eliminate the need foi 
shading the meter. 


Cable Provides Radiant Heat fo: 
Chick Brooding 


The use of heating cable installed ix 
poultry-house floors to provide radian 
heat for chick brooding has resulted in ; 
material reduction in chick mortality. 


In recent applications of the new 
principle on poultry farms throughout th! 
Northwest, the chick mortality rate 
usually ranging between 5 and 10 percent 
has been cut to an average of about on: 
percent. 


This reduction in mortality is du 
mainly to two things: by even distribution 
of heat over the entire floor area, th: 
crowding of chicks is eliminated; anc 
because the litter in the poultry hous: 
remains dryer when the cable is used, th: 
disease problem is decreased. 


In a typical installation the cable i 
placed in the top half-inch of the cemen 
floor, usually over a cinder fill or equiva 
lent to reduce heat losses downward 
Used in 60- or 120-ft lengths, it is spacec 
at 4-in. intervals to produce approximate 
ly 70 Btu of heat per square foot of floo 
space. Depending upon the length o 
cable used, it is connected to a 115- 0 
230-volt supply through a thermostat, th 
bulb of which is buried in the cement. Th 
cost of electricity has been estimated a 
approximately two cents per chick. 
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Special exposure meter eo ° » SI ena] 
Or Ss 
Isotopes as Tracers din 5 en an p 
Radioactive isotopes are now being used O Ge) tio be °Sireg 


to trace the progress of new oil shipments 
as they travel across the country through 
the Big Inch pipe line. 

This is a recently disclosed example of 

the increasing use of isotopes as tracers in 
scientific and technological research as 
well as in industry. In such cases minute 
amounts of radioactive material are mixed 
with natural material, and the radiations 
given off by these radioactive atoms can 
be measured. 
_ By this means, food assimilation, the 
penetration of fertilizers, the vulcanization 
of rubber, the flow of oil, and the synthesis 
of gasoline are but a few of the processes 
which can be examined in detail to reveal 
what is happening within the material or 
its container. 

An interesting deduction can also be 
made from the ratio of isotopes found in 
nature under different conditions. The age 
of the earth—about two million years— 
has been estimated by the measurement of 
the relative amounts of the different lead 
isotopes that occur in rock samples which 
geologists know to have been undisturbed 
since they originally solidified on the 
earth’s crust. 

Although isotopes as such are found 
everywhere, the fact that scientists can now 
make new isotopes of every element and 
can use these new isotopes in ways that 
were impossible for the old ones is most 
important. 

These radioactive isotopes are made by a 
process of transmutation from one element 
to another, generally by irradiation in a 
cyclotron, or in a nuclear reactor such as 
the pile at Oak Ridge. 

In addition to giving aid in fundamental 
research and in certain industrial uses, 
radio-isotopes have some use in the treat- 
ment of certain disease conditions, as their 
radiation tends to discourage cell growth. 
At present, however, the therapeutic uses 
of radio-isotopes appear to be minor com- Canadian Representative: A.C. Wickman, (Canada) Ltd., P.O. Box 9, Station N, Toronto 14 


pared to their research uses. cf 
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new PRODUCTS: 


Power Unit 


The Electrothrust all-electric power units 
designed for use by machine and equip- 
ment manufacturers. These units are ca- 
pable of applying pressures up to several 
tons for operations requiring pressure, im- 
pact, or both, and models are available 
which offer strokes from a fraction of an 
inch to several inches in length. The units, 
of cylindrical cast electrical steel construc- 
tion, are easily mounted, and operate from 
any a-c lighting circuit—Black & Webster, 
Inc., 30 Pleasant St., Needham 92, Mass. 


Emulsion Pellicles 


Nuclear track photographic emulsion 
NTB3 is now available in pellicle form 
without the usual glass support. The pel- 
licles permit an emulsion thickness of 
approximately 250 microns without the 
problem of uneven development, which is 
encountered when emulsions of this thick- 
ness are coated on glass or other supports. 
Since the solutions work on both sides of 
the pellicle, development is no more difficult 
than is that of supported emulsions of 
approximately half the thickness. The 
pellicles obtainable in three sizes can be 
exposed in a vacuum without fracturing 
and are characterized by reasonable flexi- 
bility. The emulsion is sensitive to alpha 
particles, mesons, protons, deuterons, and 
electrons.—Eastman Kodak Co., Rochester 
oN Ye 


Temperature Test Chamber 


A compact, economical, and convenient 
temperature test chamber, Model TC-1, 
for the rapid performance of ambient tem- 
perature tests. It was especially designed for 
individual research workers, the small 
laboratory unit, and production-line tests of 
all types of small products. The portable 
and self-contained chamber is suited to the 
performance of ambient-temperature varia- 
tion tests on basic instruments, electronic 
subassemblies, components and small equip- 
ment, foods, textiles, paints and dyes, 
organic materials, plastics, rubber, etc. 
Cooling within the chamber is done by 
carbon dioxide ice, and heating is accom- 
plished by a high-capacity strip heater. 
Forced circulation of air takes place con- 
stantly. Thermostat control, balancing 
heat against dry ice evaporation, permits 
any temperature to be maintained between 
—65*%and +275 F.—Statham Laboratories, 
Inc., 9828 Santa Monica Blud., Beverly Hills, 
Calif. 


_ Mechanical Sampling Device 


A high-speed mechanical sampling device 
providing clean and reliable switching at 
sampling rates up to and exceeding 5000 
cycles per minute. Sixty make-before-break 
contacts are sampled during each cycle. 
Switches with 30 contacts are available with 
even higher sampling rates. The switch is 
so designed that it can be driven by an 
external shaft, thus permitting direct 
synchronization of electrical circuits with 
mechanical motion. The device can also be 
furnished in one unit with driving motor 

_ of any design or speed within the stated lim- 
its.—A pplied Science Corp., P.O. Box No. 
44, Princeton, New Jersey. 
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AND WHAT THEIR MAKERS if 
HAVE TO SAY ABOUT THEM j 


A-c Starters 


A new line of manually operated starters 
for a-c motors up to 714 hp. These starters 
are specially designed for use on farm 
machinery; textile looms; and small pumps; 
blowers, and grinders. They are furnished 
in both toggle and push-button types in 
9-, 3-, and 4-pole forms, size 0 and 1. Tha 
toggle-operated types in the same forms 
and sizes are also furnished, if desired, with 
cast-iron enclosures for use in wet, dust-+ 
laden, or hazardous locations. Bimetallic 
overload protection replaces the solder-pot 
relay and provides exceptionally accurate 
response to overloads. In addition, the 
starters are equipped with a wide range of 
heaters which are enclosed in a cavity in’ 
the molded base, thus providing maximum: 
protection to the operator in the event of 
short-circuit.—General Electric Co., Control: 
Divisions, Schenectady 5, N. Y. 


Glass-pipe Coupling 


A new threaded metal coupling for use 
with Pyrex glass-pipe lines. The coupling: 
greatly simplifies the installation of glass: 
piping by replacing three-bolt triangular 
metal flanges. The use of wrenches is no: 
longer necessary, and desired alignment is 
assured. The danger of breakage due to: 
uneven take-up is eliminated. These metal 
couplings are available in sizes 14 in., 4 
in., 34 in., and 1 in. for making glass-to-: 
glass or glass-to-metal connections.— Fischer 
& Porter Co., Hatboro, Pa. 


Rope Swivel 


A new type of wire rope swivel that has 
double roller bearings and will swivel under 
full load. The unit was originally developed 
for use by utility companies and is now 
being offered for all rope applications. Some 
of the features of these swivels are: both 
thrust and radial roller bearings; complete- 
ly streamlined bodies; heavy load capacity 
in relation to size; permanent lubrication; 
replaceable parts. These swivels are offered 
in five sizes from 14-in. to 114-in. wire rope 
sizes. They are also equipped with four 
types of ends: eye-bolt, hook-bolt, integral- 
eye, or clevis.—Flexo Machines Co., 456 
N. Aberdeen St., Chicago 22, Ill. 


Inert-arc Electrode Holder 


A miniature inert-arc electrode holder, 
featuring a flexible front-end assembly mad 
of malleable copper tubing surrounded by 
sheath of silicone rubber so that it can be 
bent in any direction to reach hard-to-get-at 
places. Specifically designed for the fluxless 
welding of nonferrous metals in the thinner 
gages from No. 16 to No. 40, the holder 
is available in two models: One for 0.010- 
and 0.020-in. tungsten electrodes and the 
other for 0.040- and g-in. tungsten elec- 
trodes. It has a rating of 40 amp continuous, 
and can be used with either a-c or d-c sup- 
ply. Currents as high as 60 amp can be 
used if, overheating is prevented by low 
duty cycles. Small, light, and adaptable, 
this welding tool will find application in the 
manufacture and repair of surgical instru- 
ments, cutlery, business machines, control 
and measurement equipment, etc. It should 
be useful also to manufacturing jewelers 
and in model building and laboratory 
apparatus construction.—General Electric 


Co., Welding Divisions, Fitchburg, 8, Mass. 
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.. THE WAY YOU WANT THEM 


Pritalle? 
Poe These are popular units! 


HIGH POTENTIAL. To 150,000 HIGH CAPACITY. 300 kva, HIGH CURRENT. A typical 
volts in stepless increments. 30,000/60,000 volts is a rating is 4000 amperes, a-c. 
Operates from 230 v. widely used set. Operates from 115/230 v. 


Otoliowany 4 
These are suitable for larger installations! 


POWER SOURCE. Acomplete GLOVE-TESTING CABINET. HIGH POTENTIAL. Rated 
20-kv, 2-kva tester, for gen- Used with power source, for 350,000 volts, 1000 kva, this 
eral-purpose testing. Also simultaneous testing of six unit can be cascaded for even 
available in other ratings. rubber gloves at 20 kv. higher voltages. 


Put a combination on wheels! 


Almost any combination of equipments — for 
substation-to-customer testing, cable testing, 
high-frequency testing — can be mounted in 
this 8-wheel trailer — to make a complete, 
mobile testing set tailored to your needs. 


3 BOOKS 
TO HELP YOU 
SELECT WHAT 

YOU NEED 


These three 24-page bulletins will be invalu- on d-c sets. And for ANY special testing 
able to you in your work. Write for the ones _ problem, tell us what you require. Apparatus 
you need — GEA-4477 on portable a-c sets, Department, General Electric Compan 

GEA- 4559 on stationary a-c sets,or GEA-4595 Schenectady 5, N. Y. se 
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TRADE LITERATURE 


ARC-WELDING ACCEsSSORIES—Descriptions, 
specifications, and prices of more than 150 
arc-welding accessories are given in a new 
bulletin. It includes information on elec- 
trode holders and carriers, helmets and 
goggles, tungsten electrodes, protective aids 
of all types, cable connectors, brushes, 
cleaning tools, and many other accessories 
for the arc-welding operator. Twenty pages. 
GEC-253A.—General Electric Co., Sche- 
nectady 5, N. Y. 


DraFTING DEvicE—An illustrated booklet 
describing the standard Drafter, a precision 
machine with touch control and Equipoise 
mechanism. Contains detailed drawings of 
38 scales for use with the Drafter. Four 
pages. Bulletin A-1062.—Charles Bruning 
Co., Inc., 4754 Montrose Ave., Chicago 41, 
Till. 


INDUCTION REGULATOR—Describes Induc- 
trols, a miniature type of voltage regulator, 
motor operated for manual or automatic 
control. Construction features, advantages, 
and applications in the smaller electric ap- 
paratus field are itemized with accompany- 
ing illustrations. Twelve pages. GEA-4508. 
—Apparatus Dept., General Electric Co., 
Schenectady 5, N. Y. 


INSULATION—An introduction to fourteen 
fabricated slot insulators which include 
plain, scored, cuffed, and formed styles. 
Suggestions given for selecting right ma- 
terial. Eight pages—ZInsulation Manu- 
facturers Corp., 565 W. Washington Blud., 
Chicago 6, Ill. 


LicgHTING—A booklet containing useful 
information about a custom-fitted pattern 
lighting system, known as Module, which 
embodies the principle of uniform lighting 
units and its advantages. Illustrations show 
how the modular pattern is best suited for 
effective and economical installation. Twen- 
ty pages. Catalog No. 360.— Mitchell Manu- 


facturing Co., 2525 Clybourn Ave., Chicago 


14, Ill. 


MororizED CENTERS—A versatile new 
grinding attachment for use on surface 
grinders, jig borers and grinders, drill 
presses, and light milling machines is de- 
scribed. Action photographs show many of 
its uses. Four pages.—Moore Special Tool 
Co., Inc., Bridgeport 7, Conn. 


Pumpes—A description of opposed impeller 
pumps available in pressures to 1000 psi 
suitable for boiler feed, refinery, pipeline, 
mine drainage, water supply, descaling 
spray, and general hydraulic service. Two- 
and four-stage units are illustrated, and 
rating and dimension tables are given. 
Twelve pages. Catalog 1550.—DeLaval 
Steam Turbine Co., Trenton 2, New Jersey. 


RADIATION COUNTER TuUBES—Concisely 
provides numerous types of operating data 
on all the latest models of a line of self- 
quenching radiation counter tubes which 
include alpha, beta, gamma, and x-ray 
counters. Eight pages.—Amperex  Elec- 
tronic Corp., 25 Washington St., Brooklyn 1, 
Nee Ye 


ReEFLECTORS—A listing of a complete line of 
porcelain enamel and Ultranamel reflectors 
which also introduces three new groups: 
outlet-box, deep-bowl, and high-bay type 
units. Four pages. Bulletin 123.—Steber 
Manufacturing Co., Broadview, Ill. 


SwitcHEes—Factual information concerning 
Type A, Style A, heavy-duty industrial 
safety switches includes construction fea- 
tures, application data, extent of line, and 
horsepower ratings. One section on how to 
order’ and specify. Four pages. Bulletin 
TEC-302A.—Trumbull Electric Manufac- 
turing Co., Plainville, Conn. 


TELEPHONES—‘‘Sound Powered”’ titles a 
catalog describing telephone systems for in- 
dustrial and mine use, touching on funda- 
mentals, construction, operation, and ap- 
plications of the Sound Powered principle, 
and giving the features of station compo- 
nents. Illustrations and wiring diagrams 
supplement the descriptive text. Eight 
pages. Catalog 400-A.—United States In- 
strument Corp., Summit, New Jersey. 


THERMOMETERS—How to obtain accurate 
temperature readings between —100 F and 
+400 F on points up to 1000 ft distant by 
using Alnor distant-reading electric ther- 
mometers. The bulletin enumerates the serv- 
ices for which each type is best suited; 
gives installation and operation instrue- 
tions; and lists prices. Eight pages. Bulletin 
No. 2451-C.—lIllinois Testing Laboratories, 
Inc., 420 No. LaSalle St., Chicago 10, Ill. 


NEW 
MIDGET 
RELAYS 


good 
for all 
vibration conditions 


Ward Leonard’s new Bulletin 110 Relays have 
unusually heavy contact pressures... 
portioning of contact masses and springing ... and 
semi-knife-edge bearings assuring long trouble-free 


service under adverse conditions. 


Generous sized contacts provide higher contact 
ratings than found in most midget relays. Available 
up to 3-pole double throw. Write for Bulletin 110. 
Ward Leonard Electric Co., 62 South Street, Mount 
Vernon, N. Y. Offices in principal cities of U. S. 


and Canada. 


WARD LEONARD ELECTRIC CO. 
Reule-E ngncced Cito 


“RESISTORS - RHEOSTATS +» RELAYS « CONTROL DEVICES 
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(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


MONOMERs: SECTION. I-* 


Edited by E. R. Blout, W. P. Hohenstein, 
and H. Mark—Interscience Publishers, Inc., 
New York. 1949. 372 pp. $7.50. 


This reference book, constituting a com- 
prehensive collection of data and pro- 
cedures on the more important vinyl 
monomers in commercial use today, should 
be of considerable value to anyone con- 
eerned with the preparation of resins, rub- 
bers, and plastics. 

While most of the material is available 
in the literature, location is often a labori- 
ous task. The authors have checked dis- 
erepancies and determined missing physical 
constants. 

In its present form, the book contains 
separate chapters describing acrylonitrile, 
butadiene, isobutylene, isoprene, methyl 
methacrylate, styrene, vinyl acetate, and 
vinyl chloride. Additional chapters are in 
progress and can be conveniently inserted. 

Each chapter contains descriptions of 
laboratory and commercial methods of 
preparation, methods of purification and 
analysis, and precautions for the care and 
handling of the material. The sections on 
physical properties and the chemical reac- 
tions other than polymerization are particu- 
larly complete and valuable. 

The descriptions of the polymerization 
techniques, although necessarily limited, 
would at least seem to be sufficient to serve 
as adequate background information. A 
bibliography for each monomer is also in- 
cluded. 

_ The authors have been highly successful 
in their goal of producing a valuable hand- 
book of information concerning an impor- 
tant class of chemical intermediates. 

3 Rosert L. Myers 


FOUNDATIONS OF NUCLEAR PuHysIcs 


Compiled by Robert T. Beyer—Dover Pub- 
lications, Inc., New York. 1949. 272 pp. 
$2.95. 


Facsimiles of thirteen original papers in 
nuclear physics are made available here, 
each in its original format and its original 
language. The remainder of the book is a 
bibliography of more than 5000 journal 
articles in nuclear physics, arranged alpha- 
betically by author under twelve subject 
headings. 

The articles chosen for reproduction are 
those which have provided the starting 
point and the stimulus for most of the 
important areas of research in nuclear 
physics. The emphasis is well balanced be- 
tween ideas and concepts on the one hand 
and experimental techniques on the other. 
To the modern student these papers should 
serve as a reminder of the basic simplicity of 
many of the original ideas and experiments, 
and as illustrations of the type of reasoning 
that is characteristic of scientific method. 

One may question the justification for 
such a compilation. After all, every one of 
the journals represented is a world-known 
publication, available in any technical 
library. There seems to be little justification 
for collecting the papers under one cover 
unless they are at least translated into 
English. The pedagogic value of the com- 
pilation might have been increased by a 
fick commentary on each paper, explaining 
the general scientific situation at the time it 
was written and showing the evolution and 
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modification of the original ideas by the 
subsequent development of the field. 
The bibliography is a good job and use- 
fully arranged. 
HARVEY Brooks 


PRACTICAL ANALYSIS — GRAPHICAL AND 
NuMERICAL Meruops 


F. A. Willers (translated by Robert T. 
Beyer)—Dover Publications, Inc., New 
York. 1948. x + 422 pp. $6.00. 


With the trend of the past few years in 
the direction of high-speed machine com- 
putation of engineering and scientific prob- 
lems, there has arisen a need for a textbook 
on numerical methods of computation 
pointed toward machine analysis. Unfor- 
tunately, a translation of a book more than 
twenty years old cannot be expected to 
meet all the requirements for present-day 
problems. 

The material covered here is essentially 
that found in other standard works on 
numerical analysis, but with a few varia- 
tions and with greater emphasis on graphical 
methods. The chapter headings are: 
Numerical Calculation and Its Aids, which 
describes slide-rule, nomogram, and desk- 
type machine calculations; 11—Interpola- 
tion, with sections on numerical differentia- 
tion and integration; II1]—Approximate 
Integration and Differentiation, with stress 
on graphical and planimeter methods; [V— 
Practical Equation Theory, which contains 
some material not found in similar texts on 
a criterion for bounding the complex roots 
of an equation; V—Analysis of Empirical 
Function, including harmonic analysis; and 
VI—Approximate Integration of Ordinary 
Differential Equations, with graphical, 
numerical and iterative methods as well as 
a section on mechanical integrators; the 
differential analyzer had not yet been de- 
veloped when this book was written. 

F. J. MAGINNISS 


A PROFESSIONAL GUIDE FOR JUNIOR ENGI- 
NEERS 


William E. Wickenden (Edited and collated 
by G. Ross Henninger)—Engineers’ Council 
for Professional Development, New York. 
1949. 55 pp. $1.00. 

One of the nicer things in the modern 
world is the friendly spirit of the young 
engineers now coming forward as leaders of 
our postwar technical progress. By and 
large, these young men are striving to attain 
a well-rounded development of their inborn 
powers; to be wise, harmonious, and friend- 
ly; to be someone and give something, 
rather than to win or to get anything. Their 
constructive interests and participation in 
civic affairs on a local level are hopeful signs 
for our future. 

One of those who have best foreseen and 
encouraged this developing professional 
viewpoint, which after all is in the tradition 
of ‘The Sons of Martha” as expressed by 
Kipling, was the late Dr. William E. Wick- 
enden, President of the AIEE and of Case 
Institute of Technology. ; 

The guide for junior engineers, with which 
Dr. Wickenden was engaged at the time of 
his death, has now been edited by G, Ross 
Henninger and published by the Engineers’ 
Council for Professional Development. 
There are nine chapters, starting with the 
engineer’s heritage, continuing with matters 
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of professional practice, registration, civic 
affairs, and Dr. Wickenden’s famous 
“Second Mile.” There are also included a 
reading list and a most valuable self- 
appraisal questionnaire. 

Every employer or supervisor of engineers 
should have one of these pamphlets, and 
every young engineer should read it. 

P. L. ALGER 


Basic ELECTRICAL ENGINEERING 


George F’. Corcoran—John Wiley & Sons, 
Inc., New York. 1949. vii+449 pp. $4.50. 

Written as a college text for a first course 
in electrical engineering, the mathematics in 
this book is intended to parallel that given 
in a concurrent course in calculus. 

Subjects covered include: D-c Circuits, 
Electric Fields, Magnetic Fields, Magnetic 
Forces, Magnetically Generated Voltages, 
Ferromagnetic Circuits, Inductance and 
Capacitance. 

The rationalized MKS system of units is 
used almost exclusively in the text. Field 
theory is so presented that it can be readily 
extended to include Laplace’s, Poisson’s and 
Maxwell’s equations. This treatment of field 
theory is exceptionally good for the type of 
course for which it is intended. — 

The book is well written and should be a 
valuable text for a beginning course in elec- 
trical engineering. 

M. D. Horton 


THERMODYNAMIC CHARTS FOR COMBUSTION 
PROCESSES (Two volumes) 

H. C. Hottel, G. C. Williams, and C. N. 
Satterfield—John Wiley & Sons, Inc., New 
York. 1949. Vol. I, x + 75 pp., $2.60; II, 
31 pp., $2.40. 

In well-organized form and carefully sub- 
stantiated, the authors present thermo- 
dynamic charts and tables which will un- 
doubtedly meet their intent. This intent is 
to provide engineers with a more accurate 
description of the fuel and air or oxidant 
mixture in highly useful form to expedite 
cycle calculations. This work is published in 
two parts, the second part containing the 
tables and charts. The text, which is given 
in the first volume, contains the justification 
for the authors’ selection of data on which 
the charts are based and for the arrange- 
ment and context of the charts. 

The value of this work is considerably 
enhanced by the inclusion of eleven well- 
chosen illustrative examples of the use of 
the charts. These examples include piston 
engine, gas turbine, rocket and ram-jet 
cycles, making a satisfactory coverage of the 
field. The omission of the pulse-jet cycle 
from this series is in keeping with the 
authors’ treatment of the work as a whole in 
remaining always on well-defined grounds. 

There is much splendid rationalizing in 
this work. A prime example is that involved 
in the use of (CH2), as the hydrocarbon fuel 
formula for some of the charts. The authors 
show that while as wide a variation of fuel 
composition as represented by octane and 
benzene yields a. minor difference in cycle 
efficiencies, such a value is a good approxi- 
mation for most gasolines. 

In the text and in the charts there is much 
useful and time-saving information for the 
engineers interested in accurate thermo- 
dynamic cycle studies. 

: A. J. NERAD 
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SO SMALL... 


These 15-, 25-, and 50-va G-E 

voltage-stabilizer units are only a 
little over 2 inches high and about 9 inches 
long. They'll mount easily on a medium-sized 
radio or electronic instrument chassis and 
will give you an even, non-fluctuating 115 
volts for your equipment whether your line 
voltage is 95 or 130. A special transformer 
circuit provides a stabilized output voltage 


_.. it mounts on a radio chassis 


within 1% of 115 volts for fixed, unity-power- 
factor loads. 

Continuous operation under conditions of 
short or open circuits will not damage the 
stabilizer in any way. Since there are no mov- 
ing parts, there is little maintenance to worry 
about. For complete information on voltage- 
stabilizer units of all sizes from 15-va to 
5000-va, write for Bulletin GEA-3634. 


Specially designed G-E Type-E networks 
will produce impulses which have defi- 
nite, known energy contents and dura- 
tions, and thus are ideal for converting 
a-c or d-c charging voltages into approxi- 
mately rectangular square waves. These 
networks consist of capacitor and coil sec- 
tions adjusted to close tolerances and her- 
metically sealed in single metal containers. 

G.E. helped meet wartime radar de- 
mands with thousands of these units and 
now offers them for commercial use. They 
are available in a wide range of designs, 


impedances, ratings, and sizes for pul 
lengths of 0.1 to 40 microseconds. S 
Bulletin GEA-4996. 
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HEAVY-DUTY RELAYS 


THAT MOUNT 3 WAYS 


< 


This versatile, general-purpose, heavy- 
duty, a-c relay unit is available in three 
mounting arrangements: front connected, 
back connected, or plug-in connected. All 
three mounting types are available in 
‘open or enclosed models and are furnished 
in spst, dpst, or dpdt circuits. Heavy, long- 
lasting silver contacts carry 10 amps con- 
tinuous. Normally-open forms make or 
break 45 amps; normally-closed forms 
make or break 20 amps. Relay coils come 
in 12-, 24-, 115-, or 230-volt, 60-cycle a-c 
‘sizes. D-c units are available in similar 
models. For full details see GEC-257. 


ACCURATE 


BUT RUGGED 


The new, modern- 
looking, easy-to-read 
2Y% inch G-E instru- 
‘ment lineisimproved 
inside as well as out- 
‘side. A single, self- 
‘contained mecha- 
nism supported on 
an extremely strong 
Alnico magnet as- 
sures permanent alignment even under 
the most adverse operating conditions. 
This high-gauss Alnico magnet permits 
the use of a large air gap with a conse- 
quent smoother, non-sticking action. The 
greater torque-to-weight ratio means bet- 
ter damping and allows the use of heavier 
yvibration-resisting pivots. Accuracy is 5% 
of full scale on rectifier types, 2% on all 
others. For complete details, send for 
Bulletin GEC-368. 


PE MOLES 
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SNAP-SWITCH INSTALLATION 
TIME CUT TO SECONDS 


You'll have a firm electrical connection 
without the use of solder a few seconds 
after you begin to install this small but 
rugged Switchette. Only 114 inches long 
and weighing only 9 grams, this 230-vac, 
10-amp unit has solderless knife-contact 
terminals made of pure, tinned copper. 
G-E Switchettes are available in a va- 
riety of forms and circuits, all of which 
have double-break contact structures. 
They’re particularly well suited for elec- 
tronic applications because of their low 
RF noise output (short contact-bounce). 


For your convenience there are screw- 
terminal and soldering-lug types as well 
as this special quick-connect unit. Send 
for Bulletin GEA-4888. 
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A SMALL PACKAGE OF: 
WELL-REGULATED HIGH VOLTAGE’ 


You get both high voltage and good regu- 
lation with small lightweight G-E preci- 
sion rectifiers. This may interest you if 
you need compact, well-regulated, high 
d-c voltage sources for cathode-ray tubes, 
television camera tubes, radar indicator 
scopes, electron microscopes, Geiger- 
Mueller counters, or similar jobs. 

These supplies are hermetically sealed 
and oil-filled. Typical units have outputs 
of 7 ky at 0.1 ma.—have only 3.5% devia- 
tion for every 0.1 ma load and output rip- 
ple of less than 1%. Size—only 6” x 6” x 
7”. Weight—8 lbs. For further data, write: 
General Electric Company, Section 667-3, 
Schenectady 5, N. Y., giving complete in- 
formation on the proposed application 
with specifications required. 
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Please send me the following bulletins: 


L] GEA-3634 Voltage stabilizers 
(J GEA-4888 Switchettes 
L] GEA-4996 Capacitor networks 


NAME nea = 


General Electric Company, Section J667-3 
Apparatus Department, Schenectady, N. Y. 


(] GEC-257 Heavy-duty relays 
[] GEC-368 Instruments 


COMPANY 


ADDRESS 


CITY 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


. 


AMPLIFIERS, MAGNETIC 


BARKHAUSEN NOISE AND MAGNETIC AMPLI- 
FIERS—II: ANALYSIS OF THE NOISE, by 
J. A. Krumhansl and R. T. Beyer. Jour. 
App. Physics, June 1949; v. 20, pp. 582-586. 


The Barkhausen noise is calculated for 
ferromagnetic cores used in magnetic 
amplifiers. 


ELECTRICAL MACHINERY 


VAPORIZATION COOLING OF LARGE ELEC- 
TRICAL MacHINEs, by Th. De Koning. 
Franklin Inst. Jour., July 1949; v. 248, pp. 
49-68. 


Describes a method of cooling consid- 
ered as revolutionary as hydrogen cooling 
was in the twenties. A much wider 
applicability, considerable savings, and 
other advantages are expected of it. 


HANDLEY DEsIGN Paces OUTDOOR TREND, 
by W. F. Friend and C. A. Lilly. Elec. 
Wid., June 18, 1949; v. 131, ‘pp. 65-68. 


Single-unit outdoor station incorporates 
latest advances in simplification of steam 
stations. Minimum housing provided; 
surface condenser in open; electrical 
design following unit system. 


JET PROPULSION 


COMBUSTION IN MovING Atr, by Frank R. 
Caldwell and others. Soc. Auto. Engrs. 


Quar. Trans., Apr. 1949; v. 3, pp. 327-340. 


Reviews the problems and the progress 
made in the field of combustion in moving 
air, and presents some of the results of a 
five-year program of combustion re- 
search. Concerned with combustion as it 
occurs in jet engines. 


TWO-DIMENSIONAL JET MIXING OF A CoM- 
PRESSIBLE F.Lump, by S. I. Pai. Jour. Aero. 
Sci., Aug. 1949; v. 16, pp. 463-469. 


The mixing and divergence of a super- 
sonic jet exhausting into a supersonic 
stream are investigated theoretically. 


LUBRICATION AND LUBRICANTS 


CENTRIFUGAL PURIFICATION OF OILS IN 
STEEL PLANTS, by Charles M. Ambler. 
Iron & St. Engr., June 1949; v. 26, pp. 
108-116. 


The centrifuge as a particularly valuable 
tool for cleaning and rehabilitating oil 
when there is a difference in phase or 
density between the oil and the impurity. 


How to Test BEARING GREASES. Am. 
Mach., May 19, 1949; v. 93, pp. 102-106. 


Thorough tests are made of greases for 
prelubricated ball bearings before their 
approval. Methods described here can 
be applied to grease for other appli- 
cations. 


PROGRESS IN INSTRUMENT LUBRICATION, by 
Henry Gisser. Lubrication Engng., Aug 
1949: v. 5, pp. 175-179, 197. 


MEASURING INSTRUMENTS 


ABSOLUTE BETA COUNTING, by Benjamir 
P. Burtt. Nucleonics, Aug., 1949; v. 5, pp 
28-43. 


A study of the procedures of absolute 
beta counting by means of the end. 
window Geiger tube. 


DETERMINATION OF EFFICIENCY OF MICRO- 
WAVE, BOLOMETER MOUNTS FROM IMPED- 
ANCE Data, by David M. Kerns. Nat. Bur 
Stds. Jour. Res., June 1949; v. 42, pp. 579- 
585 (RP No. 1995). ; 


Determining the input-to-bolometer-ele- 
ment power-transfer efficiency of bolom- 
eter mounts of the type used in micro- 
wave power measurements. 


METALS 


NITROGEN IN STEEL, by Simon Feigenbaurr 
and George H. Enzian. Iron.Age, June 30 
1949; v. 168, pp. 52-54. 


Examining the role of nitrogen as a con- 
stituent in steel, the author discusses 
current research trends embracing con- 
trol and analytical techniques. 


bee 
E. 


l-watt and 2-watt per 
winding inch. “'Clinch- 
Grip” pigtail terminals. 
In any desired length 
for use as resistor or 


low-wattage heater. 


Nothing to char or burn. 


Typical standard Glas- 
ohms, color-coded, for 
tadio applications. 


9,000 hp Synchronous Motor, manufactured at C-G-E Peterborough Works, 
driving a centrifugal compressor at a large Canadian nickel mine. 


Iu Cauada... | 


ten factories manufacture 


% Handy glass-insulated resistors. Also 
used as miniature heating elements. 
Wire winding on fibre glass core. Braided 


Fit snugly for localized 
heating such as solder- 
ing iron, immersion 


General Electric products. 30 
engineering and sales offices 


heater, etc. fibre-glass covering. So flexible that unit 
: can be bent, twisted, even knotted, with- and 19 
Write gor out impairment. Just the thing for tight ee CUn. ser located 
Literature! spots. from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


LIMITED - 
Sydney * Halifax + Saint John * Quebec * Chicoutimi « Trois Rivieres * Sherbrooke * Montreal « Ottawa « Toronto 
Hamilton + St. Catharines » London * Windsor » Noranda * New Liskeard « Sudbury + Timmins * Fort William 
Winnipeg * Brandon + Regina + Saskatoon « Lethbridge * Edmonton « Calgary « Trail» Kelowna Vancouver « Victoria 


and KEDUWU 


CLAROSTAT MFG. CO,, INC. DOVER, N.H. 
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ULTRASONIC TESTING OF AIRCRAFT Com- 
PONENTS, by William C. Hitt. Iron Age, 
June 23, 1949; v. 163, pp. 66-70. 


Details of the practical work done at one 
plant, including some interesting varia- 
tions on ultrasonic equipment usage. 


UsE oF MEtALs at Low TEMPERATURE, by 
S. L. Hoyt. Metal Prog., June 1949; v. 55, 
pp. 821-826. 


Presents both metallurgical and mechani- 
cal factors that enter into the selection of 
metals for use at low temperature, with 
emphasis on ferritic steels. 


~PROCESS CONTROL 


SOME APPLICATION Factors AFFECTING 
THE REGULATION OF PH IN INDUSTRY, by 
Allen L. Chaplin. Instruments, July 1949, 
pt. I; v. 22, pp. 579-587, 608-610, etc. 


The first installment of a serial article on 
basic principles of automatic control of 
industrial processes. 


RADIO ENGINEERING 


GENERAL FOLDED-DIPOLE ANTENNA DE- 
SIGN, by D. L. Waidelich. Communications, 
“Apr. 1949; v. 29, pp. 18-20, 30-31. 


An analysis of the field patterns and 
radiation resistance for folded dipoles of 
any length and with any current distri- 
bution in the sides. 


MEASUREMENT OF THE SERIES-RESONANT 
RESISTANCE OF A QUARTZ CRYSTAL, by L. 


A. Rosenthal and T. A. Peterson, Jr. Rev. of 


Sci. Instr., Jane 1949; v. 20, pp. 426-429. 


Three instruments are described which 
will measure the equivalent resistance of 
commercial quartz crystals in the range 
of 80 kilocycles to 100 megacycles. 


STANDARDS 


A SUGGESTION FROM SWITZERLAND—WHAT 
-AspoutT STEEL DESIGNATIONS? by H. 
Abegg. Standardization, July 1949; v. 20, 
pp. 172-174. 
- A proposed standard system of steel 
specification designations. 


_ INTERNATIONAL SCREW-THREAD STANDARDI- 

_ZATION, by J. W. Jenkins and K. D. 

Williams. Am. Soc. Nav. Engrs. Jour., Aug. 
1949; v. 61, pp. 531-541. 


Summarizes the accomplishments of the 
joint U.S.-Canadian—British screw- 
thread commission. 


~MicrowavE MEASUREMENT STANDARDS. 
Radio-Electronic Engng., Apr. 1949; v. 12, 
pp. 3-5, 30. 
The frequency range from 300 to 100,000 
megacycles and above is covered by 
electrical standards which are being 
developed. 


WELDING 


‘Errect or “QUENCH TIME” ON WELD 

Meta, by Jay Bland. Weld. Jour., May 

1949; v. 28, pp. 216s-226s. 
Results of various postwelding quench 
times on the ductility of all-weld-metal 
tensile coupons prepared with Type 
E6011 electrodes are presented, including 
the effect of a critical quantity of hy- 
drogen. 


SEVERAL STEEL ForRMS COMBINED IN 

Heavy-Duty WELDMENTS, by Kenneth 

Rose. Mat. & Methods, May 1949; v. 29, 

pp. 49-51. 

_ Large diesel crankcases built up of steel 

' forgings, plate, tubing, and bar stock 
have advantages of light weight, lower 
cost, and longer service life. 
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How much valuable time 


do you lose in research? 


NOW eee a complete bibliographical 


listing of electronic research 
from 1925 to the present! 


The Electronics Research Publishing Co., makes a vital contribu- 
tion to the continued development in electronics, optics, physics 
and allied fields with the new, greatly enlarged MASTER 
INDEXES which bring this vital information up to date. 


THE ELECTRONIC ENGINEERING MASTER INDEX 


(Combined 1947-1948 edition now on press) 


Over 18,000 listings of articles published in 234 international scientific maga- 
zines, journals and proceedings. 399 different subject headings. All the finest 
engineering text books published are listed in a special reference section. 


SPECIAL FEATURE istings of declassified documents available from U.S., 
Canadian and British Governments. 


EXTRA FEATURE stings of 5500 patent references giving number, title 
and claims of electronic patents granted in the U.S. during the years of 
1947-1948. 


CROSS REFERENCED CUMULATIVE SUBJECT INDEX OF 
ALL PREVIOUSLY PUBLISHED ELECTRONIC MASTER 
INDEX SUBJECTS APPEAR IN 1947-1948 ISSUE 


The 1949 MASTER INDEX will be ready in March 1950. It will contain the 
cumulative subject index of all previously published MASTER INDEX 
editions. 


Another vital contribution to electronics 


THE ELECTRONIC ENGINEERING PATENT INDEX 


All electronic and related patents granted by the U.S. Patent Office since 
1946 in three volumes. 1946 volume includes over 2000 patents with circuit 
designs, components, manufacturing methods, etc. 1947-1948 combined issue 
covers 5500 electronic patents. The 1949 issue covers approximately 3000 
electronic patents. 


Books are heavy cloth bound 72 x 102 inches 


The time saved in finding even one valuable reference often more 
than pays for the complete series of the Electronic Engineering Master 
Index. These books belong in the library of every electronic engineer, 
educational institution, research laboratory, patent attorney, govern- 
ment agency and industrial engineering department. Editions are 
limited, so please order your copies today. 


ie op GE-11 sal 


Mr. John F. Rider, President 
Electronics Research Publishing Co., Inc. 
480 Canal Street, New York 13, N. Y. 


| Please send me the volumes checked. | understand they can be returned in ten days if | am not 
| satisfied and get a full refund. (Charges shown are postpaid.) 
THE ELECTRONIC ENGINEERING MASTER INDEX 
O 1935-1945 ($10.00) O 1925-1945 ($17.50) 
| O 1946 ($14.50) Ee ($19.50) (11*1949 ($17.50) 
THE ELECTRONIC ENGINEERING PATENT | 

O 1946 ($14.50) O1+1947-1948 ($19.50) 1*1949 ($14.50) 
* Available March 1950. } Available Jan. 15th, 1950. 
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Sherron 


Here is Big Business. It owes its big- 
ness to the continuing confidence 
of the buying public. It grows big 
and stays big—only as it serves the 


best good of the most persons...in 


_ quality, in price, in satisfaction. It 


has no secrets from the govern- 
ment. Its activities, expenses, prof- 
its are public information. It is 
under the constant surveillance of 
anti-trust laws. Yet there are cer- 
tain groups that brand all Big Busi- 
ness as monopolistic and demand 
that it be destroyed. 


Electronics 


Let’s |\Weigh 


MONOPOLY 


This is Big Labor. Its power is great, 
even greater at times than that of 
the government itself. It can stop 
the wheels of an entire industry— 
at the whim and will of its leaders. 
It does, often. It can shut off the 
supply of vital necessities, and does 
so repeatedly without thought to 
public welfare. It conducts indus- 
try-wide bargaining with complete 
indifference to the individual com- 
pany’s ability to survive its de- 
mands. Big Labor owes much of its 
stature to political pressure. This 
explains its Congress-granted im- 
munity from anti-trust laws. 


ELECTRONICS CO. 


Division of Sherron Metallic Corporation 


1201 FLUSHING AVENUE * BROOKLYN 6, NEW YORK 


MANUFACTURERS OF ELECTRONIC DEVICES AND SHEET METAL FABRICATION 
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